
F 



i:i 



F 

GROUNDWATER REVISED MODEL 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



e MONTGOMERY WATSON 

By C'A-U Date tfU<t/<" Client---"'.?.<,;:.~'S::_____,:>~:re."'-=-c'-'L=--------Sheet __ 1_ of 5: 

Chkd. By TJK.. Description 6uycA=t1"""" ,p- /jp..ut:rr;5l'Z/.N6 110"-~...,,.:c Ht~H-rN Job No/Z5-'Z3'Z'0 - OJiioJ&l 
-4 &,(L1ttft .;:.)11-U- .q...,.- -rnv 14'.S :ree;t... C:.t<rey 
ot!...)t>te.I'!I C/3J">'JU 

,i/,t:,ttLt!JW1' ,,C~t:-'<<fffCc: __ ~"fi~r'a'='<m&-:_,_c>/::" ,~-fre>(_ 'Of~r Mu.;r_, /.Jd'_, 
. f2.-:MoV~<P . 70 /.)e>h/-+7-'N! . ?'dt" /Alre,a,;~ o_r 4 /.!4.<1<-1<:-.f. .011-LL 

k/Z.c.)l.-!"'.n" 7/rv C./f--.1'1"74 ~v.n? .S:r~rrc Levgz; ro -r-;#c:? 
/.?1-r!..C. c.~_/ 6/?<7'...,rJDPF,.,..-e-1'1._ ~-'--&""r/,"!:·'"f7pN .,..t==;.....z ::::;AS~~ C_"r./,,J • /-f-t..-.10 __ 

(4:....c:..o:c.-14-7c.:.· r-"'75-'. ~/f/..V'77E-W/!7..JC?" /k,.)'://..VC /f.~r£" /J....-::-,/-';,.-;....,..- ~~-=;-r 

./-..//?LL };/r;-;· ;...,. .. ~t t.. /.it? T2e-~uu(tf~ bf-tr? Tc L&:-4. ;c .. qc-t:· 

0 VGt..-~ ... {J.-""~!:-- cr ~A-rc~,r r...J,_vr;-f/;-) r~:6'- /3A,?,zt?-.K ,~ ... -~:...'- -_r,-: ue £;(/,!-:.;-~-~-v: 

I \, ., 
@ 

\ 

V re.., =' A"' ( <"'; - IS'z)& 

'" /LE,;)~ Pi-":.,: T/1# CAme.! A-P-r:?J-:: 

,P'um.<'nvt; 12->-r<-) ' 

VC?.L-V:ML" OJ~ .tJA-r.;,·,z ~~~:/·'/"-" ma- /J.<!.-f!_{Z)L-')(. .U/h.L To /Sf;': !Zc"-.~v£·p 

A-,ze-~ s~;T,-7/Y /r!e 1-J,;t;.LL 

'"'!A:-tZ-G.G--.,.... L/4--"'!""-~ 6-t-evr;·::"/u.:..> 

Po~Sr·cy ( ~ 0. zs .- 0. rs) 
Q: -: 5e-e~A-C>~ _ -~ ~I'Z-V-::1( ;--.1-:'I .!Jr:Ftz;!:·;c.. 04-LL 

00 

Q 6 "" 5e_~,!f:?;n~r; /( 4--Tt:' 

,, ? 

nt..-J 

A~l<"-v_:o 

~ifol ~e"(£~/k.·C" ;,?~-r(' p:..;-;c; ~rF Cr'.M'-! /f/.F~ (~ f";t>,J,_jf"t...,,-,.u4,· (tu•·~,-' !2~--e-

(

::o ,;x,-... -;;- .... --., 1 $....._ ~ Z., ~~,c,.o-"l...ff).:.Ay~ 

(J!!,r._v-.r:~Cn 1 -r":'/ oF finrtl~l::--r:. .::--.-·~~!... )Y./o- 1 c_.,.,}Scc:.~.g?)C/c.-91""'r/P!4V! 
P:,.-x:-'f\1r::/-C1'-r-'( c_;;- (U--':>' C.;;:..f (;. 7.3'?xrv'., -:.-.../kc.-:: Z..eDx..-o-3 ;-T/t:.~y) 

Tr--tr!.~u~.s:: or £;:,1-c 1::·,.:_ /-..J~_:..L (-:- Z F"T) 

f!~::;&;-;-r oF .t..J.IH--1- £.!t"rf.-lpJ S:~Tuc_.:-..,-.:c z.o~~ ("' 5:<!:o'-::-'"-_s '::-

4rz..c."'r /N'S:.tOe t!tr,tzft:~:.:;:_ l.)r--'---'- (_-= '~ Bt'.~ CS'-! F": ~) 

"' ,4 J!tJ;Jc;d cr? VAL-.;e;J' /-Cur re-5"'737:) ,£;.-:: ;:J.~.r- 'Y 

ro A--c.cpu ..... Jr He ~cc:rL--r~/N"'I/&-:;. /A A.c::rur~-IZ 

641?-tt-tGI! .<.} /tl)__ l"t!<p.,·P-776, !2es f'ECr;- I} !R- Y. 

(S.Jo<l...lt/(::1(_ t.J4-LI.. 
v 

,.4,.-.JiJ ;P6-,.::~cL:-f5r'--''1"Y 
/;7-z.re""n""J 4,Jz:, 



MONTGOMERY WATSON 

By {'4-ry Date It /1r /.. Client dS S'"ra>-arz_ 
' 

Chkd. By M rf"G Description c:'4-Lwt..n?tJ,.J aE .44'4!4:%~~ 

Sheet __ c_ of 5 
1/i;t...H,P /'"cu.Nt;)Job r~o I U(Z~,.l"t?. t:~l 16r;o 1 

I 

(f) !/·~"""" or .,c../4-~ .?J_--r){;.v 6-'f4"''"'" /J4<-< "TO IS« ~_...,.,.= 

A) G,.-«N r7: o. z.:s-

Vre~" A~ ( tts-~) <!) 

:- (!,st.;;. Zs'tr-r~)( ~?p- 5>b8 F7)(o.zs) 
~ I, '1 13\. 397 Fr:S 

"'"- 7% 7Z.•, 69o 7~1 / 

Vr<,..,? (!,Elf( 2s"<( t7~){5"'7a-s-o•J(o_7'S") 
• I 7

1 
'i' El 0 1 1 IS P7 J 

OR. l S<f_, 'f 17
1 

Z'f[ :r-1 / 

~ ,r.J_ tJrd: T"}fe A-c.-r~lf-t.... VoL......L.fMoi!'" To ~""',. ~ ~/G"'/./17 rrre-
'/-'1-r2-,e-r ~ d-o;,#o.W~T"c..-'1!. Cti-~V'~p_,.J CJ P ::;,:-6 8' F'T ,/"11 J t_ A) lt-L 

tJ.. e- IH~ t.lv'--l.f ~"""'~ or d;tre7!- ~.,. rp,,u /HG /.t 1'1-12-1!-/e,e;.. 

.UI/-1.-L iJu-<S: /;tiS' _>t;:e.r~R:-G<T 12~ /-"-"773 7h-b" C.-1-/rl-u' ~.< 

/1-/u/..;7/L../L-"' /Jy' T/t'C' !J<t-y_J" /J Gc-70677 ,.=:;..c_ LJe:.u;, T G.cMlG. 

@ s~"'~ 4-(iC" /,-<1-r?J -:rffr:r c.:r..,v. AuA ,-'J-7"'9"&-4- /.4•k,<f;,.lC Tr~" 
TA--a-6&7' c:; /Z-(7.:<PO/..fe7"(-rl. ::.;<~t-"7" ""'"'· 

a. 0" ( £,-(!,_ \ 
Q kp. "l7z ) 4Ck_., 

= ( Z. 80>" /0 -:? Fr/tJI'IY )( 

9 73 rr.l'/,:,tt'f" ../ 

OA! o I( _ _,( I?·.;:~~ J L,__, )./'-' 

A) v _J / 
''-tv= 2. S'] >'/o ' ?7'/,t!ky 

(z.. 8 ]";7'/Q--r t=-r/c~,.) ( ,-;;_;--:~ 
7'7~ FT2/LJA't" / . 

(1 ></6 -? C .-./I J 
F/){ ~J~~---p-r)(t/~.F7) 

IS) G-"'b"'.J kt,/ Z: S'.:fx/0 -Z p.~jo~>-'-' (!Y/o-' c:...,;) 
" \('5?o-!:3bFr\ / , ) 

Q,_,, ( 2.. g] >"/"- P"r/!Jity h Z.F~ )( S? /~f"r) [ '!rr.,-J 

=- 7 't 7' ss- P7 ~ 1 C>'-:'1 ,../ 



0.,"' C).., + 06 

A-j .;;:> )C._,~ Z-fl:J.xr-o-7 Fr/~ 

"' J 7/8 .::=r:r;0,._7 

11) .::;; k..., • 2..1S'J' >c/O -z r-r-lllH 

4s-r.4-t-,,.;t:. 
;e:J 4-t.t A-<J ll 

(' 4-t--<-«Ui-fl' 

G<.ev~-n t).IJ 

I r T4-14r.f 

DtJ>~~"'' 
TMT A,,.,,., 

+ 97] Fr 7/LJ-+y 

! 
£~'!,. Za! 5~ l /..!./' t 

- I 
~ A k'>'.S: 10 .t/J >r,(J-u -r._ Hi? 647'1-fLtenc_ I' 

~v./73?>) A-AJI.l //t7 t!A-?.1 "77 W-'-'~.: 

~ To k~# T/ht--6cr C.t!-t:>--'tlw~ I 
.Jb.fo T#t:T /14-+.t#re;N;!f?.><-a- / ... ,....,,...,,; ~cr, I 

i 
/.or.<fL VoL~,..,.,. oF ,?J~ 70 6& ~veo 70 ~~ /-rc"l 
-r~vr 6:-,e.,..,.~.w~ <!'Zevo4-77o,..l 

A) 

• 7 );' 7Z~ G 9'o rt ..;- /lo OA-v ( 12/ 

=- 7 6.- n 'f, :: 90 7 • ..1 ./ 

I 

I 
l 

i 
i 



«11> MONTGOMERY WATSON 

By CA-4 Date /&U-rfoo Client tZS Sree L 

Chkd. By rv1 tf£:. Description ~?<f-96& "'r /Je.>JAJin!&C 

/Jn ( .>t<0 Zoi;-~1/.L,)I 

I 

- T~ Av~e ~U?""'/?;;.J.,: ~ /Je.c,.w,;tar> 70 ~a! '/7h,r 

T.krt-6c_,- 6-u.N{)<.J~ GF4Vrr?tW = 

Ave.. ~' 114S"S"'1, 35/ ~~J///0 on.,."'" .. ?78~~03 ?•J/J'/ 
~ /Z'f/:;f"' 



<liD MONTGOMERY WATSON 

By f'l.J« Date ibh•dqo 
' 

Client _ _,M=::l='-~S':"--":n-'~"'-=:=L-=------- Sheet _2_ of ____;:;__ 

/..,..,..,,.,G. ~ 
t!!FLev....r.r•Al 1 > 

= 

-rc, M~rA-J<'J 

Q.,- PkviCW<->-; 

--'5' 4 J5UM/I-'C C,6#1' csJ /;)6",<.;,;;--r-z_.rp_/,JC ,.c..JE"Z-LS A-d-~ ?/t;<?IJ /}J.JO 

6dtr,., /.it7T ~,I.JC.d /..u /-"wAI'./riC. ~ ( ~111- 7 Z<l/; /!'"' J 
l'2e ""''IU'o 7G; ~~ /lie? /+rt-G6'?'- G 44'-'-'0<.J~rr.. et.t5vk'f7oJ? 

e-~"- ..ueu .rn..-.rr l(fo- C.g~tJL£ o_.:- ~""'#"'"c." .,., 4vt'lf'A-<-C:. 

I! er~JJE!WIJ £o -/5~71'.;.... 

,4-s:-...... '"'' e ,c..- r { 8 J 
6 '"<r>-' IH-6 4"'t.c /"' 

0<;')1/f-'rt::f%-Jo<l G ~ Yl-l.!> ~ C" fcr>:J /},tl) 

~ "'""" /1-1 c. ~----"' .f ( 7 - 7 '7 2_ ?/' ~ ) 
"'Tb /1?-'f'l.NIA-/..V rlf-r:5" r~c.c-r- 6/-4t.t;JOL..JAJC'·If. YL.~.I(T» ,I 

,;y: ,.._ s-r /J e 

/- '7'1 /~r-'1. 



Table F-1 

Predicted Urawdown in Stand Pipes During Dewatering (K.,11 = 1 x 10"7 em/sec) 

Time SP·1 SP·2 SP-3 
(days) GW Etev. (fi·MSU Drawdown rfl %of Target Drawdown GW Etev. (fi·MSL) Drawdown (ft %of Target Drawdown GW Etev. (fi·MSU Drawdown (II %of Taraet Drawdown 

0 588.74 0.00 0% 586.91 0.00 0% 584.87 0.00 0% 

7 587.28 -1.46 7% 586.46 -0.45 2% 584.27 ·0.60 4% 
14 585.33 ·1.96 17% 585.05 ·1.41 10% 583.05 ·1.22 11% 
21 583.29 ·2.04 27% 583.38 ·1.67 20% 581.62 -1.43 20% 

28 581.22 ·2.07 37% 581.59 ·1.79 30% 580.08 ·1.54 29% 
35 579.21 ·2.01 46% 579.78 -1.81 40% 578.49 ·1.59 39% 

42 577.27 ·1.93 56% 577.97 ·1.82 50% 576.84 ·1.64 49% 

49 575.41 ·1.86 65% 576.18 ·1.79 60% 575.18 ·1.66 59% 

56 573.61 ·1.81 74% 574.41 ·1.76 70% 573.52 ·1.67 69% 

63 571.91 ·1.70 82% 572.74 ·1.68 79% 571.93 ·1.59 79% 

70 570.54 ·1.37 88% 571.30 ·1.44 87% 570.62 ·1.31 67% 

77 569.78 ·0.76 92% 570.27 ·1.02 93% 569.89 ·0.74 92% 

84 569.28 ·0.50 95% 569.84 ·0.43 95% 569.49 ·0.40 94% 

92 568.73 ·0.55 97% 569.42 ·0.42 97% 569.01 ·0.47 97% 

100 568.16 ·0.57 100% 568.93 ·0.49 100% 568.50 ·0.51 100% 

T ()~Ill_ DH!~!i_Q_W___!l_([tt__ ·20.58 ------------ --
·17.98 -------

·16.37 

Predicted Drawdown Versus Time In Stand Pipes 

SP01 590.00 · SP02 
::J" 
(/) 

::;; 585.00 ., • 
t . -.. . .. ---·-------- ---- ----- ... , SP03 

c 
0 'iii 580.00 . 

~ w 
... •i .... 

~ 575.00 ·• 

! 
§ 570.00 
0 
~ 

Cl 

565.00 
0 10 20 30 40 50 60 

Elapsed Time (days) 

Notes: 
1. Predicted drawdown In stand pipes are based on a groundwater model simulation. 
2. Initial groundwater elevations (at T = 0) are based on recent high water table conditions. 
3. Actual groundwater elevations at the time of dewatering system start-up may reduce the total change In elevation required 

to reach the target groundwater elevation. 

CAU/cau/ 
M:~obs\1242\330\01\Caulsp_towKwall.xts 
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CAU/cau/ 

'l'uble F-2 
Predicted Drnwdown at Leak Detection Sump Locations During Dewatering (Kwan = 1 x 10"7 em/sec) 

Time DS1-1 DS1·2 DS2-1 DS2-2 
(days) GW Elev. (ft-MSL) Drawdown (ft GW Elev. (ft-MSLl Drawdown (ft GW Elev. (ft-MSLl Drawdown (ft GW Elev. (ft-MSLl Drawdown tit 

0 586.66 0.00 589.37 0.00 586.72 0.00 589.04 0.00 
7 585.28 ·1.37 588.10 -1.28 584.74 -1.98 586.45 -2.59 
14 583.61 -1.68 585.94 -2.16 562.75 -1.99 583.90 ·2.55 
21 581.97 -1.64 583.73 ·2.20 580.90 -1.84 581.58 -2.32 
28 580.29 -1.68 581.62 ·2.11 579.09 -1.61 579.39 -2.16 
35 578.59 -1.70 579.89 -1.73 577.30 -1.80 577.30 ·2.09 
42 576.86 -1.73 578.22 -1.67 575.50 -1.80 575.28 -2.03 
49 575.15 -1.71 576.57 -1.65 573.73 -1.77 573.34 -1.94 
56 573.45 -1.70 574.90 -1.67 572.04 -1.70 571.50 -1.84 
63 571.81 ·1.64 573.25 ·1.65 570.73 -1.30 570.07 -1.42 
70 570.43 ·1.38 571.62 ·1.62 589.86 -0.87 669.32 -0.76 
77 569.66 -0.75 570.28 -1.34 569.26 ·0.60 568.62 ·0.69 
84 569.10 -0.58 569.57 -0.71 566.66 -0.56 567.95 -0.67 
92 568.47 -0.63 568.87 ·0.70 568.04 -0.63 567.22 -0.73 

100 567.86 -0.61 568.18 -0.69 567.43 -0.62 566.52 -0.71 
Total ()ra,l;'{down (ft): -18.80. __ -g1c19 -19.29 ·22.52 

Predicted Drawdown Versus Time In Stand Pipes 

595.00 
--081-1 

:::;-
~ 590.00. . '" 

--081-2 
- - - 082-1 

iE. 
§ 585.00. 

...... 082-2 

~ 
.!!! 580.00 . 
w 
~ .. 
~ 575.00. 
"D 

" 5 570.00. 
(ij . .. -:. :'. ~- --::. =-~- ':.":. ~ ~--

565.00 
0 10 20 30 40 50 60 70 80 

Elapsed Time (days) 

, Notes: 
1. Predicted drawdown at Leak Detection Sump locations are based on a groundwater model simulation. 
2. Initial groundwater elevations (at T =D) are based on recent high water table conditions. 
3. Actual groundwater elevations at the time of dewatering system start-up may reduce the total change in elevation required 

to reach the target groundwater elevation. 

90 100 

M:~obs\ 1242\330\0 1 \Cau\ds _lowKwall.xls 

'.i;\; 
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Table F-3 

Estimated Well Loss for Dewatering Well with Greatest Drawdown (Kwall = 1 x 10-7
) 

USS WELL LOSS CALCULATIONS- Kwan = 1 x 10·7 em/sec 

Qwt(@ 100 days). 14439 ft3/day = 
Qwt(@ > 1 00 days) 1925 ft3/day = 
K 38 It/day 
re 7.28 It 
rw 0.5 It 

hij = simulated head in cell containing pumping well 
hw = (hij"2- (Qwt/(PI.K)).LN(re/rw))"(1/2) 

75 gpm 
10 gpm 

(hw is the correction required to determine the head in the well from the head in the model cell) 
h (50% elf)= ho- (ho-hw)/0.5 
h (80% elf) = ho - (ho-hw)/0.8 where ho = initial head at time of dewatering system start-up. 

Lowest Model Head Value Occurs in Cell Associated w/ Well: 
EW04 

T hij hw ho h (50% elf) ., 1vv ,u v .. 1 

100 561.14 560.85 585.57 536.13 I ""' ~~ I 

Note: 
Maximum draw down within dewatering wells occurs at T = 100 days, at which time target groundwater elevations are met. 

CAU/cau/ 
M:~obs\ 1242\330\01 \Cau\WeiiLoss_lowKwall.xls 
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FACiliTIES DEVELOPMENT MANUAL Procedure 'J-tu-~ &Of' 7--
--·-L·~~~------------------------------------------------~ DETAIL A 

RUNOFF COEFFICIENTS (C), R!\T!l)NAL FOR'1ULA 

'"iv<1~o•09•C So,t G•ouo 

~ • I c 0 
Per.;:ent 

Stope Range tPercet~tl I I 
1.-nOet"oOuS 

SI~R.,n~e o:>e•cen:l Stooe !=l,s..,q~ ;;o_,c.,,..tl St~oe R.anqe tf'e-c:ent• 

:....one! U\e Area 0.2 2 ·6 6&0~ 0·2 2 6 6 & Over I 0 2 2 6 16& Ov-er I 0 ·2 2 ·6 6& Ove-

;ncust•oal 90 0.67 068 0.68 osa 068 0.69 068 069 069 069 069 0.70 

0 85 0 85 0.86 0 85 0.86 086 0 86 086 CS7 0 86 086 0 88 

:.Omme<coal 95 0.71 071 0.72 0.71 0 72 0.72 072 0.:72 072 on 0.72 0.72 

0.88 0.89 C.B9 0.85 0.89 0.89 0 89 089 0.90 0.89 0.89 090 

"'~"3"-0ensoty 

;:(t'i<Oent•.al 60 0.47 0 49 050 048 0..50 0.52 0 49 0.51 0 54 0.51 053 056 

0.58 0.60 0.61 059 0.61 0.64 0.60 062 066 062 064 069 

~1edoum-Uens•ty 

;::;;Mocento<ll. 30 0.25 028 0.31 027 0.30 0.35 0.30 "0.33 0.38 033 0.36 042 

0.33 0.37 0.40 0.35 0.39 0.44 0.38 042 049 041 '0.45 054 

Lo .... .Df.t"<s•tv 

ResoOe-nto<ll . 15 0.14 019 0.22 0.17 021 0.26 0.20 0.25 0.31 0.24 0.28 0.35 

022 026 029 02• 028 0.34 0.28 0.32 0:40 0.31 0.35 046 

~·u:ultun~ ... 5 0.08 013 "0.16 0.11 0.15 021 0.14 0.19 026 0.18 023 0.31 

0_14 018 022 0.16 0.21 028 020 025 0.34_ 024 029 041 

Ooet1 Sa~ 2 0.05 0.10 

® o.os 0.13 0.19 0.12 0.17 024 0.16 021 028 

0.11 016 0 0.14 019 026 0.18 023 0.32 022 027 o·39 

;: .. eewotys at1d 

;,.c,~s....aV'1 70 057 059 0.60 058 0.60 0.61 0.59 0.61 0.63 060 0.62 0.64 

0.70 0.71 0.72 071 0.72 0.7~ 0.72 C.73 0.76 073 0 75 078 

Saurc~ S£WRPC. 

DETAIL B 
RU~OFF COEFFICIENTS FOR SPECIFIC LA~D USE 

Hydroloqic Soil lirnup 

A 8 c 0 

Slope Ranoe (Percent) Slope Ran~ (Percent) Slope Ranoe (P~rcent} '\lone Ranqe ( 0 ercent) 

L:JlO US£: u-2 2-6 6 & Over 0-2 2-6 6 & {}ver 0-2 2-6 6 J. ~ver 0-2 2-6 6 1r. .Over 

=<ow croos .08 . 16 .22 .12 .2'! .27 I .15 .24 . 33 .19 .2~ .38 

.22 .30 .3~ .26 .34 44 .30 . 37 .50 .34 .41 .56 

~.,e<jTan strip- . 19 .20 .24 .19 . Z2 , . .20 .23 .30 I .20 .25 .31l --" 
turf .24. .26 .30 .25 .28 . 33 .26 .30 .37 -27 .32 .40 

Side slope- .zs .27 .2S .30 

!.1.1rf .32 ":34 .36 .3q 

?AVf"l.E•a: 

t..sonalt .70 - .95 

Con:::rete 1 
.80 - .95 

3rld:. .70 - .80 

Drives. ~o1 ks .75 - .85 

!?.oo~s 
.75 - Q" .. ' 

c 

U:-ave 1 Roads .<0 - .60 

Shoulders 
-

NOTE: The lower C values in each range should be used w1th the relat1vely low 

intensities associated with 2-to 10-year design recurrence intervals whereas 

the hiaher C values should be used for intensities associated with the lonoer 

25-to lOO-year design recurrence intervals. 

Oat!': July 2, 1979 FIGURE 2 l of l 



l 
] 

] 

] 

] 

] 

J 

1 
] 

] 

] 

] 

] 

- J 

- J 
\ -l 

' . 
Sh.ee.i tot -t 

CHICAGO, lLUNCtS 

'"'05--l''!t%.,. t,:Z,-t"J:)I 

I l I I I I 

e.o P1-J. r-..._r---, 1 1 1 1 1 1 1 ' \ I _i -

r~ "r- ~"-._ I . ! I I I t I o I I I -

Q.J =._• 0 I 0 ! 

• O• ::- I I I I I 
--t t t I I 

.o~ -I I I I I 

-I Ill I 

.a• -I I I I 
r-1 I II 

.02 r- !Ill 

' ' 
I I 

I I 

I I 

I 1 
l I 
I I 
I I 

I ' I I 

I _!_ t t 

I I I 
I l I 

I I 

I I 
I I 

I I I I 

' ' . 
' I • ( I 1 

I + t _ ~ t I 

I I I I I I 

I I I I I I 

I I I I l 

I I I I I l 

I l ! I l I 

-

' -
I ~ 

I -

I -
I -
I -

-



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 



G2 

Surface Water Calculations 





<Dl> MONTGOMERY WATSON 

By (:; . .'A· c.-, Date C: - "(- 0 D Client~"-'--"""-----:;_·,;·:::_-::_:__:_":_· :::_/ _· _;_~__:'_l'J:4L'-- Sheet _j_ of __13:_ 

Chkd. By :Bu~~~o Description ;~2zf~~~~~,:'~ ;.tc'~ ,~_=,. :C -r 

r c ( ,:,./ Cc <_ :- . ::.c._.._.J . 

tc..:::. -s-c:o/v"z_ ( vPor33%o,F)-'- Zod/IJ~J-s {I/ for i'?o 6.Lv J 
= 0.3'1mrfl.v 

l~t-1 :o 1 '5 1n /hr ./ 

0Pr-l "'(c.-z_'{J,Sif7/hr'f<f-3k) 

Qp,- 1 -=:. Co . L/5 rr% / 

-/:c_ ==- 0CD 1 /v::: z ( :,3% o,c=c) + 3-::,()' /v:= /.s (i'lo6Jv) 
"3.qm;n_ ~ 

4,2-" (0.7 1''-'/hr ./ 

Or-t--z. -:o (p. c_ '{_ro. 7 1 n/ hr-Y_ <-j;) 4c) ' 

a.. if- 2.- -=- -s. s {:+IS v 

Aceo A--3 "'"(~oo'+Cfo)/z. ~t/'80 1 ::: 3.Go.c. / 

-tc_ "= G:Co(!J::2-[Vtoc 33~ o,FJ -t- 3kJ/v::;:s{v'~or t%6,WJ 
= qo('Y\1rv / 

~Pc-3 "' (:;. & lrl. / hr / 



• MONTGOMERY WATSON 

J'-!'.1' C,...C !""'l' - · l n /'""3-
By ld-:i--:> Date 1 1 -vv Client : c:; > -.~(?.;_- .-~+-~A,,' · Sheet ~ of _1._.2__ 

Chkd. By 8 lAS Sf. Description ~5""!'-'-Jc..:C :::..:."'-'-' /'-"'"~'---·:..:.-·c:-;c_''--'-r--c.:._-;_"'"-'-':..'--"'~· ""'; L' __:-£.-·"=::~---- Job No. ( 211233c ~ 1 ::.::,-~ .-·c 

'1/1'-i(oo 

T 
,.-, r , ! 
kJl. .,.-P ( 7:::::> I 
f),'-:/\_·'\!((-. ~i;/")'-~ ........ ... ._,_. . . ...... _...__.. 

~ 

Cto···' ''""" .S"""' =-' ,.C;7;:c / 1. L..<-1 r-, 1 , ._. f •\~ '-' · - ·. : , ,_) 

'\=\p_ \...Q_ruJtriC\ O<..L.:._ oC _5M2 ififo Sz.d ,ry'-lJr·+-~cr:::r. bo.SIY.~J 
LOl LL IU._Q_c\ _)To 'r~cu---c\_~ 0-~0:L, -{-(C"{"'f~; G) .2.-ht.ce -!\J.i-. v-,c.:: G..s 

5! 1::.<2.. ?, pe.s u St n5 IY'on n i n<:JS 

0 = _Q L/1;3 d 0 5 '2 
(\ 

p:: 

. [).OJ(, 

p :: 2, tS7 {o .oti)g_ 
lo.oosVz.. 

0 0 ---~A -::... ' . ;;...,'1"-..L~~ ---

' " 
r 

D ~ (o 3 3& Q) ~ -

z. P4 ~ilia\ t 

3 c4 :)csfY'""n + 

0 otor! 



(JIJ) MONTGOMERY WATSON , 

By ft ~c.., Date q __ q -c:t::> Client ·~ l.S, ')f-ez/ - fi _)_ /.} t I Des k;<r, Sheet ____3__ of ___L1:_ 
(_'12, ~ I l ' /" -' 

Chkd.By JaMSSb' Description Sr~cCoce ,_lJo___b\(0:~"·:; laT:rr-cs r-o·r JobNo./LI./Z-3~.01//,..,QfOJ 
PcbC!i stop .01; t n; nOYn ii \~.Cy-c:e. sciGi 
+-,.; 2-2.\\·rn....J...~~~- <:::::tJO. D~ 

·, -- \..1 '.._'CL-t-~ O'Y".._ +o 
-....'·- -~') -zo ! 

_f\CJ.2c..._ f.,-\ 

?t?".('s 

;c;o'_ 

La-te_"" 'll \1\../hr / (Kde<<'-Vlt..Q. SV, 1£?) 

Q?:-- \c..-=- (0, 7__:'{_?, .o I>' !nrY /.(Qa_c) 

G. A--la__ - ZJ.P c {5 / 

rted D::.. ~·~IV 

"= 1 .4""6& c-z;3 s!!z. 
n ,, 

..,·'2/~- \/"' 
1/= 1·'1~/... (041"; ~~) :;:;;, --

O.Q\\ Gc<c.~ ~ 2, (, c.C<- ~ .s, '2 
o.s-

" p£ 
8 p •pe. 0\'-

1 



«~»· MONTGOMERY WATSON 

By Q:·--.r ~ Date _-::,_.:::;_.,~0 Ci!ent ~J ~ "1-c:-;:! CAo.u. -;--,~, <?C· Sheet___!:(___ of _J.3._ 

Chkd.By G~t);;sse Description <..rJi..(?t;< ,,,.--;'-7'-r -:~;J -·.l·(]~,...,r-~ ~r .--i,:u;r.""'-;'r:r;v JobNo.ll1l?.:7=a.or:~,,.-.,: 
q .. 7..-o _ oo o' Di r-,e. {'ccc·f". ;.;-, -r.zt c..z:-:::-:-:::r s:.uo...l.Jl : o f:]~-: r-r·~:cr 

'<:... ~-r;"? 

tc -o- '-l 8 m ' I\_ / 

L = 9 J(L} he - Fa_L-C \C-i0 (uc z.s-~( Sfo[Y'/"- ..-----

. ,, 
(", ;=. (r~ '7 y «) In /;or if } .;CUQc_) 
l_X \1.....1 ' (..... ,l_ ~ > I • ' ' '\... l · I.Y 

U..'SiiO. ('()ann!l/:0 ._Q..:;tw_ti!JIL io Qikc-rn;ne cbr..vosfcp_p Ori21,· Sr~ 
v~ .J !.,/ I 

'0 ::(z !Sq /?<o Vh n ;;_tJ Q!! r -j;(' (1-.:. oPI!o ~ p ~ rl'F-'--
r .s'/7- J Q-o-ZbC~5 D.:=~.o(ooQ)S I 
\ s -=.-0. 3 3 0/ (f 

- . ")' 3).;. . . =.? :. 6 s 
fJ-=~ l.s92'2-vJo Dll 1 ::. o '-13tn. = &~"-- .Prorn.pr.2orcu f''f~ 0 

\ 0. 3 3 Q_JL.W. ff- h__ ().5..R. & ,i-t_ p ;pP 

Ar..QQ.. R -:3a- == Yz(~' r90') =- c . o"'Bz A C. + ~'lo' + 9D)h ¥ Zit£! 
1 ~ ;, Lf a..c 

tc.,. Zlfo/v;z.{_vr::or3'5ibGJ.FJ'f IZo/v~/.5 (dor !/oG.t.v)-::: 

/:;..c-o 3 . .3fll'" · ~ 
i_.. -:o. 't,IIL/hr- p.;_o..d-/oi.JJ(o( Z5;·!..f.QCi( s+o(,.._ 

0A-3a-."' (p.ZJ"6 1'-/nr(!,'fac) =- 2.2</c.FS / 

~::>Sa rr"J a 5 OJ/..QQD /Ha ~ 
. ft-Za_ I 

/e>" P E p,p, o'-J I 



MONTGOMERY WATSON 

Client I ,.f.<; !-+-:;:~!- (' AA.A !) i2P'$"i?Vl_ Sheet :5' oi ___[3__ 
Job No.l?!z£2 OliGo 10 I 

lJ!Ji-trzfiji?liJi)sqhi?o I G =-o' ./ MiA.~<-. 1::-lou.-l ~ J.c?c r:::; 
__1::- r1 Q u_ h : _SS -= .:3 / ,J\.1.. ~ o r cJa no O.J..Y) '4 C. 

C!Ac._,-,v-,NSlct:2 ::.0.0\v' 

Flow lktfh -=-I z 'LZ o' 
0/C_ 

~~l-&/+ 

-~ 

(\u.c.'K ~couJ!":) vdocxtq on<iown.SioELQ ?t(2Q5, 

D 1 ~· 1 · ···-'--. 11 A "'rz. OUJ"of\..S~ ?·PC 0\.lo._~= 6 =11 = 

Q = C: · (.o l C. G J Of'.cl 2-, 'C.. c.f S 

'./ eJ = o/4 . 2.-Lt> Wjs - /.S f+ / s 
o:3Li'i H"-

1eJ v,-i, u .b~ > z. H I s ./ 

. ·~ . ·-



U.S. Steel 
Perimeter Swale Depth for Area A 

Swale Sizing Using Vegetative Retardance Curves 

Set Design Data 

Bottom Width (B) (ft) 

Sideslope (Z:l) 

Channel slope (S) (ft/ft) 

Maximum Flow (Q) (cfs) 

Retardance Curve 

Solve for Flow Depth (Y) (ft) 

VI mnst be equal to or close to V2 

Resnlt 
Calculations 

Area (A) 

Hydraulic Radius (R) 

Velocity (Vl) 

Product (VI * R) 
Velocity (V2) 

Manning's N 

AAG/aag/ 
M:\1242\330\01\PerswaleDepthA.xls 

1242330.01160101-MD 

2 

3 

0.01 

6.5 

c 
1.15 

Try Smaller Y 

6.2675 

0.67587 

1.037.1 

0.70094 

1.10339 

0.104 

-. J ''51 
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Intermediate Swale Depth for Area A 
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Set Design Data 

Bottom Width (B) (ft) 

Sideslope (Z: 1) 

Channel slope (S) (ft/ft) 

Maximum Flow (Q) (cfs) 

Retardance Curve 

Solve for Flow Depth (Y) (ft) 

Vl must be equal to or close to V2 
Resnlt 
Calculations 

Area (A) 
Hydraulic Radius (R) 

Velocity (VI) 

Product (VI * R) 
Velocity (V2) 
Manning's N 

DS. 12) 
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O.Ql 
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0.43258 

0.24828 
0.42877 
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U.S. Steel 
Perimeter Swale Depth for Area B 

Swale Sizing Using Vegetative Retardance Curves 

Set Design Data 

Bottom Width (B) (ft) 

Sideslope (Z:I) 

Channel slope (S) (ft/ft) 

Maximum Flow (Q) (cfs) 

Retardance Curve 

Solve for Flow Depth (Y) (ft) 

Vl must be equal to or close to V2 

Result 
Calculations 

AAG/rug/ 

Area (A) 

Hydraulic Radius (R) 

Velocity (VI) 

Product (VI * R) 
Velocity (V2) 
Manning's N 

M: \1242\330\0 l \PerswaleDepthB .xis 
1242330.01!601Dl·MD 

2 

3 

O.Ql 

8.4 

c 
1.2 

TryLargerY 

6.72 

0.70077 
1.25 

0.87596 
1.23741 

O.Q95 



AAGIO<lg/L b 
J :\ 1242\330\0 1 \IntswalesDepthB .xis 

9/27/00 

U.S. Steel 
Intermediate Swale Depth for Area B 

Swale Sizing Using Vegetative Retardance Curves 
Set Design Data 

Bottom Width (B) (ft) 

Sideslope (Z:l) 

Channel slope (S) (ft!ft) 

Maximum Flow (Q) (cfs) 

Retardance Curve 

Solve for Flow Depth (Y) (ft) 

Vl must be equal to or close to V2 
Result 
Calculations 

Area (A) 
Hydraulic Radius (R) 
Velocity (VI) 
Product (VI * R) 
Velocity (V2) 
Manning's N 

0 

3 

0.01 

3.4 

c 

1.25 

TryLargerY 

4.6875 
0.59293 
0.72533 
0.43007 
0.70107 

0.15 
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GEOSYNTHETIC LABORATORY TEST RESULTS 

H1 Geomembrane EPA 9090 and GCL Compatability Laboratory Test 
Results (December 1997) 

H2 Geomembrane EPA 9090 Laboratory Test Results (February 1998) 
H3 Geotextile Biological Clogging Laboratory Test Results (September 1999) 





MEMORANDUM 

®>MONTGOMERY WATSON 

To: File 1272035.01090090 

From: Val Ranguette 

Subject: Geosynthetic Laboratory Results 

One Science Court 
P.O. Box 5385 · 
Madison, Wisconsin 53705-0385 
Tel: (608)23!-4747 
Fax: (608)231-4777 

Date: November 8, 1999 

Grand Calumet River Sediment Remediation Project 

CAMUDesign 

U.S. Steel- Gary Works 

Geosynthetic laboratory compatibility testing was performed on proposed, typical 

geosynthetic materials that are proposed for the liner system for the Grand Calumet River 

Passive Dewatering Facility (PDF) for U.S. Steel- Gary Works. Testing was performed by 

J&L Testing Company, Inc. of Canonsburg, Pennsylvania. Geosynthetic compatibility 

testing consisted of the following tests: 

• EPA 9090/ASTM D5747- Geomembrane Compatibility Testing 

• ASTM D5084 - GCL Compatibility Permeability 

• ASTM Dl987 - Geotextile Biological Clogging 

Each of these· compatibility tests were performed with the synthetic leachate that was 

developed based on testing previously performed with the river sediments. ·Refer to the 

synthetic leachate testing program in the Permit Level Design Report, Passive Dewatering 

Facility, Grand Calumet River Sediment Remediation Project U.S. Steel - Gary works, 

Gary, Indiana (December 1997). 

EPA 9090/ASTM D5747- GEOMEMBRANE COMPATIBILITY TESTING 

A typical 60-mil HDPE geomembrane sample manufactured by National Seal Company 

(NSC) was tested in accordance with EPA 9090/ASTM D5747. This test exposes the 

geomembrane to the synthetic leachate by immersion for 120 days at elevated temperatures. 

At specified durations (30, 60, 90, and 120 days) the geomembrane is tested for physical 

and chemical properties to determine if a change in the geomembrane has occurred due to 

GeoS"-'!lthetic Comoatibilitv Laboratorv Results November 8. 1999 U.S. Steel GCR-CAMU 
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exposure to the synthetic leachate. Three test groups were used and the geomembrane 
coupons were prepared for testing. These three groups consisted of the following: 

• Baseline - These samples were tested from the geomembrane as it was delivered 
to the laboratory and were not exposed to the synthetic leachate. 

• Group 1 - These samples were exposed to the synthetic leachate maintained at 23 a 

C (73° F). 

• Group 2 - These samples were exposed to the synthetic leachate maintained at 50° 
C (122° F). 

At 30 day intervals, up to 120 days, the geomembrane samples were removed from the 
synthetic leachate and tested for the following measurements and tests: 

• Thickness 
• Density 
• Tensile Properties 

• Tear Resistance 

• Puncture Resistance 
• Hardness 
• Volatiles 
• Extractables 
• Secant Modulus (2%) 

A summary of the laboratory test results are included in Table I for Group I samples (23° 
C), and Table 2 for Group2 (50° C) samples. The percent change in the test results 
compared to the baseline results were reviewed and compared to the suggested limits of 
different test values for incubated geomembranes as presented in Table 5.9(b) of Designing 
With Geosynthetics, by R. M. Koerner (1994) (see attached). Based on the values in Table 
5.9, the typical 60-rnil HDPE geomembrane sample was resistant to the synthetic leachate. 

As a result of the EPA 9090/ASTM D5747 geomembrane compatibility testing, it was 
concluded that a typical 60-rnil HDPE geomembrane is resistant to the chemicals that are 
anticipated to be in the leachate that will be generated in the PDF. A typical60-rnil HDPE 
geomembrane can be used in the liner system and is expected to maintain its integrity in 
providing a relatively impermeable layer even if exposed to the leachate over a long period 
of time. 

ASTM D5084- GCL COMPATIBILITY PERMEABILITY 

A typical geosynthetic clay liner (GCL) sample, Bentofix }lW, manufactured by NSC was 
tested in accordance with ASTM D5084. This permeability test allowed the synthetic 
leachate to permeate through the GCL to determine if the anticipated leachate generated in 

Geosvnthetic Comoatibilitv Laboratorv Results November 8. 1999 U.S. Steel GCR-Ci\.MU 
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the PDF had an effect on the GCL's permeability. To simulate actual field conditions, the 
GCL was first permeated with water to saturate the GCL, since the GCL, below the HDPE 
liner, will first be exposed to moisture in the soils that will hydrate the bentonite. After the 
GCL was saturated, the synthetic leachate was used as the permeant liquid. Two samples 
were used for testing the effect that the synthetic leachate had on the permeability of the 
GCL. These two samples consisted of the following: 

• 

• 

Baseline - This sample used well water for the permeant fluid for the entire test. 
·The well water was obtained from J&L Testing's well located in Canonsburg 
Pennsylvania. 

Sample 1 - This sample was saturated with well water and then the permeant fluid 
was switched to the synthetic leachate. 

Both samples were monitored for a minimum of 90 days from the date that the permeant 
was switched to the synthetic leachate. 

The results of the hydraulic conductivity verses time are shown on the attached graphs. 
Graph 1 is for the baseline sample. It shows that the long-term hydraulic conductivity of 
the baseline sample is 2.0xl0"9 em/sec. Graph 2 is for Sample l. This graph shows that the 
long-term hydraulic conductivity of Sample 1, with the synthetic leachate, is 1.8x 10-9 

em/sec. This result is nearly equal to the baseline sample. 

Based on these results, it is concluded that a typical GCL is resistant, based on its 
permeability, to the chemicals that are anticipated to be in the leachate that will be 
generated in the PDF. A typical GCL can be used in the liner system and is expected to 
maintain its integrity in providing secondary containment even if exposed to the leachate 
over a long period oftime. 

ASTM D1987- GEOTEXTILE BIOLOGICAL CLOGGING 

One geotel\.-tile,. consisting of a non-woven, needle-punched polypropylene supplied by 
Geosynthetic Inc., was tested for biological clogging in accordance with ASTM Dl987. 
Only a polypropylene geotel\.-tile was tested, rather than both a polypropylene and a 
polyester geotextile because only one manufacturer is currently producing the polyester 
geotextile. 

This test was performed under anaerobic conditions with no soil column above the 
geotextile, so that if biological growth occurred it was readily known that the synthetic 
leachate caused the growth and not organisms in the soil. This test allowed the synthetic 
leachate to permeate through the geotextile to determine if the leachate that will be 
generated in the PDF will generate biological growth in the geotextile and have an effect on 
its permeability. 
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The test was performed for a period of 90 days. For the first six days of the test, the flow 

through the sample was continuous. For subsequent readings, through the 90 days, the flow 

was initiated and allowed to stabilize for 30 minutes each time the data was collected. For 

each reading period the flow measurements were taken at three head differentials; 2 inches, 

4 inches, and 8 inches. The attached Figure 1 shows the relation between the elapsed time 

and the flow rate during the 90 days, for each of the three gradients. 

Based on the Figure 1, it can be noted that the flow rates decreased significantly after the 

first 6 days when the flow was terminated between each reading (as is recommended by 

ASTM D1987). At the end of 90 days the flow rates ranged from 3 to 11 gpm/sf for the 

different gradients. The permittivity of the material was approximately 0.01/sec. It was 

noted when the test was disassembled that the up gradient side of the geotextile had a thin 

coating of a dark gray gelacious matter on the fabric surface. This thin veneer, which 

coated the fibers, is likely responsible for the deduction in flow rate over time. 

Based on these results, it is concluded that a typical geotextile may be susceptible to 

clogging based on its flow rate when exposed to the chemicals that are anticipated to be in 

the leachate that will be generated in the PDF. Therefore this consideration must be taken 

into consideration during the final design of the liner system. 

VJR/vjr/DTIJRHW 
M:\jobs\1272\03 5\0 I \vjr\niemos\geosyn test results.doc 
1272035.01090090 
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Yieh[(MIJl Ureok tMDl 

·rhickness Density Strength Elongation Strength Elongation 

Test Specimen (mils) (lulin.) (%) (lulin.) (%) 

llnsclinc 60.5 0.9535 157.18 20.62 263.87 777.15 

30 day 60.8 0.9543 156.26 19.23 303.65 888.91 

60 dnr 60.8 0.9533 158.65 \9.69 290.27 845.39 

90 dar 60.2 0.9601 155.53 19.85 264.17 777.27 

120 day_ 60.7 0.9624 156.73 19.54 279.50 815.58 

Percent Change 
[_ ool_c09%I ___ O.J%1_ 5.2')11 -5~:4.9%1 From Baseline 

---- ···--

VJRII•jTIDRF 

nmd 1\m:~obs\ l 171\033\0 l\l'jii.Jubs\909!k<Jn1pnm_l(!J-2JC cmnpnlisun 

4fJIJ/1998&11f8/99 

~ 

TABLE 1 
I~ I, A 9090 Lnbornto1·y Test Ilcsults ~ 23 dcg C 

Coustrucliou/Opcrallon Lcvelllcsign RC!lort 
GCil-I'IJF 

U.S. Steel- Gnry Work• 

·rest Parameter 
Tear 

Yield (CD) llreok (CD! Resistance 
Strength Elongation Strength Elongation (MD) 

(lulin.) (%) (lulii1.J (%) (I b) 

175.73 21.69 263.79 811.34 54.78 

165.48 18.92 295.59 907.83 54.66 

I 61.86 18.77 285.25 890.79 55.82 

158.85 18.62 265.41 835.33 56.54 

158.59 18.62 273.48 872.76 52.41 

9~14~ -3.7% - -7.6~- 4.3% 

Page I of I 

Tear 2% Secnnt 2% Secant 

Resistance Puncture Modulus Modulus 

(CD) Resistance Hardness Volatiles Extractables (MD) (CD) 

(lb) (I b) '(Duro D) (%) (%) (psi) (psi) · 

53.85 131.04 60.30 0.10 0.66 50,993 54 172 

54.84 !33.90 58.60 0.10 0.66 51,391 52,715' 

55.78 !34.07 57.00 0.05 0.33 52,111 54,3051 

56.38 132.71 60.20 O.oJ 0.32 54,845 60,976 

! 

51.19 131.42 60.60 0.06 0.35 51,446 53 645' 

--4.9% -0.3% -0.5% 40.0% 47.0% -0.9% 1.0% 



Yield (MIJl 

Thickness IJcnsity Strength 
Test Succhncu (mils) (lb/in.) 

Baseline 60.5 0.9535 157.18 

30 dal 60.5 0.9542 162.09 

60 day 60.9 0.9542 161.32 

90 dal 61.2 0.9602 159.31 

120 day 60.6 0.9627 159.41 

Percent Change!! 
From Baseline ool ~1.0% -1.4%1 

VJRII'jrfDRF 

mad 1\m:\jobs\ 1272\0JS\0 l\l'jt\subs\909Umtnpatuls·50C comparison 

4130/\998&11/8/9'1 

8'-. 

Elongnlion 
(%) 

20.62 

19.69 

19.69 

19.85 

19.85 

3.7%1 

Urc:\k (MD} 
Strength Elongation 
(lb/ht.) (%) 

263.87 777.15 

313.94 903.98 

297.74 868.99 

263.42 782.87 

276.35 814.96 

-4.7% ----4.9% 

TAULE2 
EI'A 9090 Lnbornlot·y Test llcsults ~50 tlcg C 
Couslruction/Opernllon Lc\'CI I>eslgn H..cl'ort 

GCil· PDI' 
U.S. Steel- Gary Works 

Test l'nrametcr 
Tear 

Yield rem llrenk (CP} Resistance 
Strength Elongation Strength Elongation (MIJ) 

(lb/in.) (%) (lblin.) r%J (I b) 

175.73 21.69 263.79 811.34 54.78 

161..20 19.54 307.49 952.83 56.20 

156.50 19.38 294.02 907.78 56.94 

162.43 18.92 272.47 845.56 57.50 

162.50 19.23 277.85 870.39 52.75 

7.5%1 1 U')',l -5.3% -7.3% 3.7% 
... 

Pugc I of l 

Tear 2% Secant 2% Secant 
Resistance Puncture Motlulus Modulus 

(CIJ) Resistance Hardness Volatiles E:<tractables (MD) (CD) 

(lb) (I b) (IJuro D) (%) (%) (psi) (psi) 

53.85 131.04 60.30 0.10 0.66 50,993 54,172 

53.73 137.14 59.40 0.13 0.56 50,993 50,993 

55.04 138.74 56.80 0.05 0.29 53,311 53 503 

55.62 134.78 60.40 0.06 0.19 56,511 56 844 

52.21 131.42 59.40 0.06 0.22 48,379 52,379 

3.0% -0.3% 1.5% 40.0% 66.7% 5.1% 3.3% 
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Table 5.9 Suggested limits of different test values for incubated geomembranes 

(a) For flexible thennoplastic polymers, e.g., CSPE, PVC, etc., after Little [23] 

Pro perry 

Permeation rate 

Change in weight (%) 
Change in volume (%) 

Change in tensile strength (%) 

Change in elongation at break (%) 

Change in 100% or 200% modulus (%) 

Change in hardness 

(b) For semicrystalline polymers, e.g., HDPE 

Resistant 

<0.9 glm""/hr. 
<10 
<10 
<20 
<30 
<30 

<10 points 

Not Resiszant 

>0.9 glm'lhr. 
>10 
>10 
>20 
>30 
>30 

>10 points 

OToole [24] Little [23] Koerner 

Property 

Permeation rate 
(glm'-hr.) 

Chan!?.e in weicllt 
(%) -

Change in volume 
(%) 

Cnange in yield 
strength (%) 

Chan!?:e in vield 

elo~gati~n (%) 
Chan!1:e in modulus 

(%) 
Change in tear 

strengtil. (%) 
Change in 

puncture 
strength{%) 

Resistant 

<0.5 

<0.2 

<10 

Not Resistant Resistant 

<0.9 

>1.0 <3 

>05 <I 

>20 <20 

<20 

(c) For low crystalliniry polymers, e.g., VLDPE, LLDPE. etc. 

Not Resistant Resistant Not Resistant 

~0.9 <0.9 2:0.9 

::::::3 <2 ~2 

2:1 <I "'I 

::::::.20 <20 ~20 

~20 <30 ~30 

<30 2:30 

<20 ~20 

<30 ~30 

Propenies to be considered should be the same as in Table (a) and values for resistance should be slie:htlv 

more restrictive. No specific recommendations are availaDie. 

is no longer acceptable for the service in question.>~ This statement, which is of a 

qualitative nature, seems to suggest comparison testing of candidate geomembranes 

for critical situations or using new samples for each incubation time and performing 

tensile tests for comparison purposes. 

5.1.4.5.2 Cold Temperarure Behavior. Testmg to evaluate the enect of cold on 

geomembranes follows along the same general lines as the effects of heat, but the 

behavior of the material is, of course, completely different. Cold will generally not 

degrade the geomembrane in any appreciable way, at least under temperatures 

normally encountered. Geomembranes have been successfully installed in the arctic 

and have served properly [25]. (Problems of ice leading to puncturing and tearing 

problems were discussed earlier.) Tne only meaningful effect that cold has on the 

constructability of the system is that fiexibiiity is decreased and seams are more 
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90 DAY BIOLOGICAL CLOGGING TEST 

FLOW RATE vs ELAPSED TIME 
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JLT J&l TESTING COMPANY T INC. 
GEOTECHNICAL AND GEOSYNTHETICS MATERIALS TESTING AND RESEARCH 

Montgomery Watson 
One Science Court 
P.O. Box 5385 
Madison, WI 53705-0385 

Attn: Valerie Ranguette, P .E. 

RE: GEOSYNTHETIC LABORATORY TESTING 
U.S. STEEL GRAND CALMUT RIVER CAMU 

Dear Ms. Ranguette: 

December 31, 1997 

J&L Testing Company, Inc. (JLT) is please to submit this interim report of testing being 
performed to evaluate the compatibility of geosynthetics materials for the above referenced project. 
The purpose of this report is to provide you with an update of the work in progress, allow you to 
review some of the data and provide any comments. The work being performed and summarized 
herein includes: 

1) Preparation of synthetic leachate 
2) Compatibility testing of geomembrane in accordance with EPA 9090A protocols 

using the leachate generated above 
3) Compatibility testing of geosynthetic clay liner (GCL) in accordance with EPA 9100 

protocols 
4) Biological clogging test on two (2) geotextile and the generated leachate 

The following sections describe the details of the preparation of the leachate, the 
compatibility testing program and interim results of tests performed to date. 

1. Leachate Preparation 

The synthetic leachate used for the compatibility and the biological clogging tests was 
prepared by mixing the required organic chemicals in well water. The required concentration 
recipe of each organic compound in the final solution was provided to JL T by Montgomery 
Watson and are as follows: 

Chemical 

Toluene 
Naphthalene 
Dibenzofuran 

Concentration 

100 mg/L 
100 mg/L 
10.0 mg/L 

938 South Central Avenue· Canonsburg, Pennsylvania 15317 Tel: (412) 746-4441 Fax: (412) 745-4261 
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These chemicals were purchased in pure state. Three (3) batches, each sufficient to prepare 
28 liters of the synthetic leachate were prepared. The following outlines further details of 
the leachate preparation. 

->- The organic compounds were weighed to the nearest O.OOOlg using an analytical 
balance and mixed. 
To insure that the compounds would dissolve in water, the organic mix was dissolved 
in acetone. The resulting mix was then stored in a bottle with teflon-lined cap. 

->- Two (2) stainless steel 55-gallon drums were purchased and filled with 28 liters of 
well water each. The water used was previously tested for pH and metals (see 
Table 1). 

_,_ A bottle containing the proportioned mix was emptied into each of the water drums 
and thoroughly mixed. 
Two (2) samples were taken from each of the two (2) water-chemical drums and 
tested for concentration of the chemicals for confirmation. Results of the 
confirmatory testing are presented on Table 2. 
This prepared synthetic leachate was then used to set up the compatibility and 
biological clogging tests. 

Table 1 
Analytical Results 

Well Water Used for Preparing Synthetic Leachate 

Parameter Method Result 

pH EPA 150.1 7.31 

Barium EPA200.7 0.08 

Calcium EPA200.7 84.7 

Iron EPA236.1 0.56 

Magnesium EPA200.7 16.9 

Manganese EPA243.1 <0.01 

Sodium EPA273.1 40.7 

Zinc EPA289.1 0.03 

Units 

su 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 
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Table 2 
Synthetic Leachate 

Confirmatory Test Results 

Parameter Method Sample from 
Drum A 

1 2 

Toluene SW-846- 8021A 137.0 109.0 

Naphthalene SW-846-8270C 77.2 101.0 

Dibenzofuran SW-846-8270C 14.8 11.2 

2. Geomembrane Compatibilitv Testing 

Page3 
December3l, 1997 

Sample from 
DrumB 

1 2 

103.2 103.2 

102.6 103.7 

11.4 11.7 

In accordance with the laboratory testing program developed by Montgomery Watson, a 
sample of 60 mil Smooth HDPE geomembrane is being tested for compatibility with the 
synthetic leachate. The geomembrane used is manufactured by National Seal Company 
(NSC) and was supplied to JLT at Montgomery Waston's request for the purpose of this 
testing. The compatibility testing is being performed in accordance with EPA 9090A 
protocols. The work performed is summarized below. 

Three (3) groups of gemembrane coupons were prepared for testing. 

_,_ One group was tested for all the required properties to establish baseline data. The 
group used for the baseline testing was not exposed to theleachate. 

The second group of samples was prepared and immersed in a tank of leachate 
maintained at 23 oc. 

The third group of samples was prepared and placed in a leachate tank maintained 
at 50°C. 

_,... Both the 23 oc and sooc tanks contain sufficient coupons to test for the required 
properties in both the machine direction (MD) and cross direction (CD). 

Samples were drawn from each of the two (2) tanks at 30-day intervals and tested for 
the required properties. 
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_,.. The following measurements and tests were performed on the baseline samples as 
well as the samples retrieved from the temperature controlled tanks: 

Thickness 
Dimensions (length and width) 
Weight 
Tensile Properties 
Tear Resistance 
Puncture Resistance 
Hardness 
Volatiles 
Extractables 
Density 
Secant Modulus (2%) 

ASTMD-5199 
ASTMD-751 
ASTMD-5261 
ASTMD-698 
ASTMD-1004 
ASTMD-4833 
ASTMD-2240 
EP A/600/2-88/052 
EP A/600/2-88/052 
ASTMD-1505 
ASTMD-5323 

These are the basic indicator tests required for the project in accordance with ASTM 
D-5747 and per EPA 9090A. 

The results of tests performed are then compared against the baseline data as well as 
the data from previous intervals for evaluation. 

Appendix A presents the results of the baseline testing and two (2) subsequent 
periods. 

3. GCL Compatibilitv Testing 

Compatibility testing was performed to evaluate the effect of the synthetic leachate on the 
permeability of the geosynthetic clay liner (GCL). The GCL used for the testing was 
Bentofix NW supplied by NSC. The following is a summary of the testing program. 

_,.. Two (2) 4-inch diameter samples were cut from the GCL and set in a triaxial cell for 
the permeability testing. 

Both samples were back pressure saturated with well water. Samples from the well 
water used for preparing the synthetic leachate was used. 

Upon saturation, the permeant fluid for one of the samples was switched to the 
synthetic leachate while the second sample was maintained with well water as the 
permeant fluid. 
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The sample with well water was included in the monitoring program to evaluate 
potential effects of other environmental conditions (e.g. temperature variation) on the 
permeability of the test specimens. 

Both samples were monitored for a period of at least 90 days from the date of the 
switch in accordance with the project requirement. 

The flow rate was periodically monitored and permeability calculated. The results 
of the test along with a graph of permeability vs. time are presented in Appendix B. 

4. Biological Clogging Test 

This test is also currently being performed and we will submit a report as soon as it becomes 
available. 

Should you, upon review of the information presented herein., have any questions, comments 
or require additional information, please call. Thank you. 

Enclosures 
MS/rdg 
\wpwin60\letter\97437 

Sincerely, 

J&L TESTING~ ANY, INC. 

~~~ 
M~ ~rna, Ph.D., P.E. 
Dire~ 
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NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

THICKNESS _[milsl 
SPECIMEN 

I No. 1 2 3 
A 59.0 I 60.0 I 60.0 
B I 61.0 I 61.0 65.0 
c 60.5 60.5 60.0 
D I 60.5 60.5 60.0 
E 60.5 61.0 61.7 
F 61.5 61.5 60.5 
G 60.5 60.5 59.5 
H 60.5 60.5 59.5 
I 60.5 60.0 61.0 
J 60.0 60.0 60.5 
K 61.0 61.0 I 61.0 
L 60.0 59.0 60.0 
M 59.0 59.0 I 60.0 
N 60.7 60.5 I 61.0 
0 60.0 I 59.9 I 60.0 
p 61.0 60.8 60.8 
Q 61.5 61.3 60.5 
R 61.5 61.5 61.3 
s 60.7 60.7 I 61.5 
T I 60.0 I 60.5 61.8 
u 60.0 60.0 I 61.0 
v I 59.5 I 60.5 I 60.5 
w 61.0 I 60.0 I 61.0. 
X 60.0 I 60.8 I 60.8 

AVERAGE I 60.43 60.46 60.79 

4 

59.0 
61.3 
60.0 
60.0 
61.7 
60.5 
59.5 
60.0 
60.5 
60.5 
60.5 
59.5 
59.9 
61.0 
60.5 
61.0 
60.4 
61.0 
61.8 
61.5 
60.5 
60.0 
61.5 
60.4 

60.52 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U .. 

AVG. 
5 

60.0 59.6 
61.3 61.9 
60.0 60.2 
60.0 60.2 
61.7 61.3 
61.3 61.1 
59.5 59.9 
59.5 60.0 
60.5 60.5 
60.5 60.3 
60.5 60.8 
58.7 59.4 
59.3 59.4 
61.0 60.8 
60.0 60.1 
61.0 60.9 
61.0 60.9 
60.5 61.2 
61.8 61.3 
61.5 61.1 
60.5 60.4 
60.5 60.2 
61.0 60.9 
60.5 60.5 

60.50 60.54 

MWOOOTH.WK4 

/of /0 
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CLIENT: Montgomery Watson 
l'ROJECT: Gary Works, Indiana 

MASS PER UNIT AREA 
ASTMD-5261 

EPA 9090 Testing Program (Baseline) 
MATEIUAL: 60 mil Smooth HDPE 

-------·---------~ ~ -----~--- ----- -----------~---------------------------~-
REPLICATE No . --------------. --------~-- . ---------PARAME'l 'ER UNITS 

1 2 3 4 - --- ---------·- ---- ------------- -·-· ------ -----· 

-~q,_ em. ~ 100.00 100.00 100.00 100.00 ---·---------- --~---- ---- -~ 

Area 

_ __gms 14.4821 14.6665 14.4366 14.6567 -------
-~~------~~-- ~-~ 

~--- Weight 

___ Mas_u-Jer 1'11i t_~rea lb/s(L_f!.._ _ _Q.29] ___ _ Q)OO __ __Q.29Q__ __Q]OO 

J&L TESTING COMPANY, INC 

-~----

5 

100.00 ---

14.6783 

0.301 --

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDUY: D.T./K.T. 
CHECKEDUY: K.U. 

AVERAGE I STANDARD 
DEVIATION 

lOO.OQ____j 0.0000 

14.5840 I o.1o3o 

--~~99 __ ~_L_ ___ 0.091L ~ 

MWDflOMU. WK4 
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CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

TENSILE PROPERTIES 
ASTMD-638 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

----------------------- - . ----------~ ------------------------------------------------- --------
REPLICATE No. ---·----------- ----------- --- ------------- ---PARAMETER UNITS 

1 2 3 4 
·--~------------------- ··-·- ·-------------- ------- ---------- -------- --------- ----· 

Yield Strength (MD) ______ lb/in 180.65 135.08 176.21 172.18 ... -~--
~-------- ----------

Elongation at Yield (M~2 % 20.00 15.38 26.92 24.62 --------- ------· ------
Break Strength (MD) lb/in 266.53 226.61 277.42 266.13 ---- -----

Elongation at Break (MJ:>_ % 750.95 768.31 788.95 767.17 ~--- . ----- - --~~~---------------------···-·--- ------ - ---· ----- ---- --------------- ------·-·------ ------ --------- -· ·--· ·-- . ·--··-·-·--

Yield ~trength (CD) lb/in 174.19 176.21 175.40 178.23 ·--- ·---~-~~ - . --

Elongation at Yield (Cp) % 17.69 24.62 21.54 22.31 

Break Strength (CD) __ lb/in 258.87 285.08 250.00 274.60 

Elongation at Break (CD) % 799.77 880.68 765.50 833.58 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

-~ --- - -----. --- -- -------------------------

AVERAGE STANDARD 
5 DEVIATION 

-

121.77 157.18 23.9984 -

16.15 20.62 4.5482 ----

282.66 263.87 19.6824 

810.40 777.15 20.5386 ------ --·--------,------- ~------------- ------------·- . -

174.60 175.73 1.4290 

22.31 21.69 2.2506 
--

250.40 263.79 13.8827 ---

777.15 811.34 41.7298 

MWOOOTP.WK4 
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CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

TEAR RESISTANCE 
ASTM D-1004 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HOPE 

--~-·---- ------··-·------------ ----------- - ---···---- --- . -· - -- . ··--------·· ·- --------------------. --- -···-- ----. . --------------- --· ---.-------- .... - --------------
REPLICATE No. --- -- ------------------ ------~- ------ ··- --------------------PARAMETER UNITS 

1 2 3 4 5 --------------- ------------ ---------- -------····------ --------------- ---- -- ----------------- -- ----------
__ Thickness (MD) ~-- mils 60.00 61.38 61.35 61.18 60.50 ---------- ----------- --------- --------~ -----

lb 56.40 53.42 55.20 54.30 54.60 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

-----------·· ---------

AVERAGE STANDARD 
DEVIATION I -- ·-----------------

60.88 0.5425 -- - --------~-----j 

54.78 0.9913 
_ _I~ar Resistance (MDL 

--~-------· ---------- ----- -----------·- ------· - -----------
__ Tear R10sistance _{MDL --~[!!!_ 940.00 870.39 899.76 887.62 902.48 900.05 22.9628 - ------ ---~ ----~---------·-· 
~--------· -·---------·· . ---------------- -· ---- --------- ------~-------

Thickness (CD) mils 60.17 60.73 60.80 61.00 60.50 60.64 0.2855 ----- ------·-- -----------. ··--------

Tear Resistance (CD) lb 55.00 54.20 55.35 51.57 53.15 53.85 1.3699 -··------· ---- ... 

Tear Resistance (CQ2._ lb/in 914.13 892.43 910.36 845.41 878.51 s88.17 24.9242 I ·-------- --------·-- - -~---~----~---· 

J&L TESTING COMPANY, INC MW""OTR. WK4 
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CLIENT: Montgomery Watson 
I'ROJEC'f: Gary Works, Indiana 

EPA 9090 Testing Program (Baseline) 
MATEIUAL: 60 mil Smooth HDPE 

. PARAMETER UNITS 
1 2 

Thickness mils 59.86 59.98 

Pwtcture Resistance lb 131.66 131.52 

Pwtcture Resistance lb/in 2199.47 2192.73 

J&L TESTING COMPANY, INC 

3 

60.38 

132.22 

l'UNCTURE RESISTANCE 
ASTMD-4833 

REPLICATE No . 

4 5 6 

60.18 60.06 59.30 

7 

59.00 

135.60 133.37 128.95 127.10 

2189.80 2253.24 2220.61 2174.54 2154.24 

JOB No.: 97S2180.()1 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 
8 9 10 DEVIATION 

59.00 60.00 59.50 59.48 0.43 

130.40 134.30 132.10 131.04 2.50 

2210.17 2238.33 2220.17 2203.01 29.13 

MWOOOPR. WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

POINT No. 
REPLICATE 

I No. 1 2 3 
1 60.0 61.0 60.0 
2 61.0 61.0 61.0 
3 61.0 I 61.0 60.5 
4 60.5 61.0 61.0 
5 61.0 60.5 60.0 

J&L TESTING COMPANY, INC 

4 

60.0 
60.0 
61.0 
60.5 
59.5 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

60.5 60.3 
59.0 60.4 
60.5 60.8 
60.5 60.7 
60.5 60.3 

MWOOOHD.WK% 



CLIENT: 
PROJECT: 

MATERIAL: 
SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
BASELINE TESTING 

REPLICATE No. 
UNITS 1 2 3 

% 0.13 0.08 0.10 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. 

0.10 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MWOOOVO.WKjr 



EXTRACTABLESCONTENT 
MTM-2 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: BASELINE TESTING 

Initial Wt. 

After Extraction 

%Extractables 

2.3132 grams 

2.2980 grams 

0.66 

Reference: EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

MWOOOEX.WK4 

fr 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

Standard Floats 

Float No. ensity, g/ c Depth 
1* 0.9322 33.6 
2 0.9494 23.2 
3* 0.9560 16.2 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 
0 

I DEPTH 20 19.6 19 17 
I DENSITY I 0.9515 0.9520 I 0.9529 I 0.9557 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

c..orr. Depfb 
33.98 
21.84 
17.18 

5 AVERAGE 

17.4 I' 18.60 
I 0.9552 I 0.9535 

MWOOODN.WK4 
c; 



Cl:l~ ::S· 
~ 

CLIENT: 
PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

2 % SECANT MODULUS 
ASTM D-5323 

MATERIAL: 
EPA 9090 Testing Program (Baseline) 
60 mil Smooth HOPE 

REPLICATE No. 
PARAMETER UNITS 

1 2 3 4 

2% Secant Modulus (MD) psi 54,304.60 47,682.10 47,682.10 52,317.90 

2% Secant Modulus (CD) psi 52,980.10 52,980.10 52,980.10 57,615.90 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CllECKED BY: K. U. 

AVERAGE STANDARD 
5 DEVIATION , 

52,980.10 50,993.36 2778.30 

54,304.60 54,172.16 1796.66 
-

MWW 'OD.WK4 







NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

TIIICKNESS [mils] 
SPECIMEN 

No. 1 2 3 
A (Initial) I 59.0 60.0 60.0 
A (Final) 59.0 60.0 59.0 

B (Initial) 61.0 61.0 65.0 
B (Final) 61.0 62.0 61.0 

c (Initial) I 60.5 60.5 60.0 
C (Final) 61.0 61.0 60.0 

J&L TESTING COMPANY, INC 

4 

59.0 
61.0 

61.3 
62.0 

60.0 
61.0 

5 
60.0 
61.0 

61.3 
62.0 

60.0 
61.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. Percent 
Change 

59.6 
60.0 0.67 

61.9 
61.6 -0.52 

60.2 
I 60.8 1.00 

MW2330TILWK4 

/of// 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

SPECIMEN Initial Mass 
No. (oz/sy) 
A 42.1 

B 43.1 

c I 42.4 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.1 

43.1 

42.5 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

0.01 

0.04 

0.02 

MW3023UW.WK4 

J. 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

SPECIMEN Length (MD) 
No. (mm) 

A (Initial) I 100.0 
A (Final) 99.9 

B (Initial) 100.0 
B (Final) 100.0 

C (Initial) 100.0 
C (Final) 99.9 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

99.5 
99.5 

99.5 
99.5 

99.5 
99.5 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D. T./K. T. 
CBECKEDBY: K.U. 

Percent 
Change 
-0.50 
-0.40 

-0.50 
I -0.50 

-0.50 
-0.40 

MW3023DM.WK4 
3 



~ 

CLIENT: Montgomery Watson 
l'ROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Yield Strength (MD) lb/in 168.43 

Elongation at Yield (MD) % 19.23 

Break Strength (MD) lb/in 306.33 

Elongation at Break (MD % 883.83 

Yield Strength (CD) lb/in 166.01 

Elongation at Yield (CD) % 19.23 

Break Strength (CD) lb/in 302.50 

Elongation at Break (CJ:)) % 923.90 -

J&L TESTING COMPANY, INC 

TENSILE PROPERTIES 
ASTM D-638 

REPLICATE No. 

2 3 4 

152.62 155.24 148.67 

18.46 20.00 20.00 

302.70 316.94 282.14 

884.38 933.48 839.78 

162.90 164.40 169.76 

19.23 18.46 19.23 

272.66 299.60 311.57 

·-···848.96_ - 928.02 __ 943.07 
-·--

JOB No.: 97S2180-0l 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 
5 DEVIATION 

156.33 156.26 6.6325 

18.46 19.23 0.6880 

310.16 303.65 11.7456 

903.07 888.91 30.4845 _j 

164.31 165.48 2.3561 i 
I 

18.46 18.92 0.3768 

291.61 295.59 13.1209 

- 895.~L_ 907.83 33.2636 

MW30"1TP.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 

Thickness (MD) mils 60.50 

Tear Resistance (MD) lb 53.17 

Tear Resistance (MD) lb/in 878.84 

Thickness (CD) mils 60.00 

Tear Resistance (CD) lb 53.25 

Tear Resistance (CD) lb/in 887.50 

~ J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

60.00 60.00 60.50 

54.42 52.90 55.42 

907.00 881.67 916.03' 

60.50 60.00 61.00 

54.10 54.40 57.15 

894.21 906.67 936.89 

JOII No.: 97S2180-0 I 
DATE: 10-15-97 

TESTEDIIY:. D.T./K.T. 
CHECKED IIY: K. U. 

AVERAGE STANDARD 
5 DEVIATION 

60.00 60.20 0.2449 

57.40 54.66 1.6408 

956.67 908.04 28.2048 

60.50 60.40 0.3742 

55.32 54.84 1.3293 

914.38 907.93 17.2458 

MW3023TR. WK4 



CLIENT: Montgomery Watson 
I'ROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smootl1 HDPE 
SAMI'LE: 30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 2 

1ltickuess mils 60.50 61.00 

Puncture Resistance Ill 134.49 134.39 

3 

61.00 

133.44 

I'UNCTURE RESISTANCE 
ASTMD-4833 

REPLICATE No. 

4 5 6 

60.50 60.50 61.80 

7 

60.20 

134.96 133.49 136.09 134.41 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 
8 9 10 DEVIATION 

61.00 61.50 61.00 61.00 0.54 

131.16 133.66 134.61 133.90 1.49 
Pwtcture ResisllUICe Ill/in 2222.98 2~03.1! 2Jij7.5i_ ';!230.74 2';!06.45 2202.10 2~~2.~ 2150.1.§._J1_173.3_3 ,2206.72 2195.25 26.52 

~ J&L TESTING COMPANY, INC 
MW'"'3PR.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

POINT No. 
REPLICATE 

No. 1 2 3 
1 58.0 60.0 60.0 
2 59.0 61.0 58.0 
3 57.0 I 60.0 57.0 
4 I 59.0 58.0 59.0 
5 I 59.0 58.0 59.0 

J&L TESTING COMPANY, INC 

4 
62.0 
61.0 
59.0 
57.0 
57.0 

JOB No.: 97S2180-0l 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

57.0 59.4 
58.0. 59.4 
57.0 58.0 
59.0 58.4 
60.0 58.6 

7 
MW3023HD. WK4 



CLIENT: 
PROJECT: 

MATERIAL: 
SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
30 DAY, 23 DEGREE CELSIUS 

REPLICATE No. 
UNITS I 1 2 3 

% 0.10 0.13 0.08 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T.IK.T. 
CHECKED BY: K.U. 

AVG. 

0.10 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW3023VO.WK4 



CLIENT: 
PROJECT: 

MATERIAL: 
SAMPLE: 

EXTRACTABLES CONTENT 
MTM-2 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
30 DAY, 23 DEGREE CELSIUS 

Initial Wt. 
After Extraction 

%Extractables 

2.7090 grams 

2.6912 grams 

0.66 

JOB No.: 

DATE: 
TESTED BY: 

CHECKED BY: 

97S2180-0l 
10-15-97 

D.T./K.T. 
K.U. 

Reference : EP A/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC MW3023EX.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 
SAMPLE: 

PARAMETER 

I DEPTH 
DENSITY I 

Montgomery Watson 
Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program 
60 mil Smooth HDPE 
30 DAY, 23 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/ c I Depth 
1* 0.9322 I 37.8 
2 0.9494 26.7 
3* 0.9560 20 

c = 0.9322 
s = -0.0014 

Density = c + s*(spedmen depth) 

1 2 3 4 

24 I 24 I 21.2 21.2 
0.9512 0.9512 I 0.9550 I 0.9550 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T.IK.T. 
CHECKED BY: K.U. 

:orr. Depth 
38.11 
25.60 
20.80 

5 AVERAGE 

20.8 22.24 
I 0.9556 0.9536 

J() 
MW3023DN.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 
SAMPLE: 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
GO mil Slllooth HOPE 
30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus (MD) psi 51,655.60 

2% Secant Modulus (CD) psi 55,629.10 

~~ 
!\.._ ~ J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTM D-5323 

REPLICATE No. 

2 3 4 

49,006.60 51,655.60 52,317.90 

54,966.90 . 46,357.60 56,291.40 

5 

52,317.90 

50,331.12 

JOB No.: 97S2180-0l 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CllECKED BY: K.U. 

AVERAGE STANDARD 
DEVIATION 

51,390.72 1228.31 

52,715.22 3806.65 

MW3023MD. WK4 
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NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

THICKNESS [mils] 
SPECIMEN 

No. 1 2 3 

M (Initial) 59.0 59.0 60.0 
M (Final) 60.0 60.0 60.0 

I I I 
N (Initial) 60.7 60.5 61.0 
N (Final) 61.0 61.5 61.5 

0 (Initial) 60.0 59.9 60.0 
0 (Final) 60.0 61.0 60.0 

J&L TESTING COMPANY, INC 

4 

59.9 
59.5 

61.0 
61.0 

60.5 
60.0 

5 

I 59.3 
60.0 

I 
I 61.0 

61.5 

60.0 
61.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

I 59.4 
59.9 0.77 

I 
60.8 
61.3 0.76 

I 60.1 
60.4 0.53 

MW2350TII. WK4 



WEIGIIT CHANGE 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

SPECIMEN ' Initial Mass 
No. (oz/sy) 
M 42.2 

N 43.0 

0 42.3 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.2 

43.1 

42.6 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

Percent 
Change 

I 0.07 

0.07 

I 0.72 

MW3050UW.WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

SPECIMEN Length (MD) 
No. (mm) 

M (Initial) 100.0 
M (Final) 100.0 

N (Initial) I 100.0 
N(Final) 100.0 

0 (Initial) 100.0 
0 (Final) 100.0 

J&L TESTING COMPANY, INC 

Width (CD) 
(mrn) 

99.5 
100.0 

99.5 
99.5 

100.0 
100.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-0.50 
0.00 

-0.50 
-0.50 

I 0.00 
0.00 

~ 

MW2350DM.WK4 



~ 

CLillNT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Yield Strength (MD) lb/in 165.12 

Elongation at Yield (MD) % 18.46 

Break Strength (MD) lb/in 299.40 

Elongation at Break (MD % 868.94 

Yield Strength (CD) lb/in 156.85 

Elongation at Yield (CD) % 19.23 

Break Strength (CD) lb/in 313.71 

Elongation at Break (CD) % 966.58 

J&l. TESTING COMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

154.11 162.50 162.10 

20.77 19.23 20.00 

320.56 304.72 326.69 

924.96 876.42 931.51 

159.35 164.52 161.49 

20.00 20.00 18.46 

315.00 305.65 297.18 

966.18 950.92 927.98 

JOB No.: 97S2180-0 1 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDDY: K.U. 

AVERAGE STANDARD 
5 DEVIATION 

166.61 162.09 4.3231 

20.00 19.69 0.7845 

318.35 313.94 10.2231 

918.09 903.98 26.0181 

163.79 161.20 2.8311 

20.00 19.54 0.6154 

305.93 307.49 6.4386 

952.50 952.83 14.0609 I 

MW3050TP.WK4 



CLiENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD) mils 60.00 

Tear Resistance (MD) lb 56.67 

Tear Resistance (MD) lb/in 944.50 

Thickness (CD) mils 59.50 

Tear Resistance (CD) lb 55.20 

Tear Resistance (CD) lb/in 927.73 

1 J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

60.00 59.00 60.00 

56.47 55.37 56.80 

941.17 938.47 946.67 

60.50 60.50 61.00 

53.97 51.77 53.47 

892.07 855.70 .. 876.56 

JOB No.: 97S2180-0! 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 
5 DEVIATION 

60.50 59.90 0.4899 

55.70 56.20 0.5644 

920.66 938.29 9.2501 

60.50 60.40 0.4899 

54.25 53.73 1.1312 

896.69 889.75 23.7884 

MW3050TR. WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
I 2 

Thickness mils 61.00 60.50 

Puncture Resistance lb 136.50 136.43 

3 

61.00 

136.23 

PUNCTURE RESISTANCE 
ASTMD-4833 

REPLICATE No. 

4 5 6 

61.00 60.50 61.20 

7 

61.50 

136.35 137.35 139.40 138.65 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 
8 9 10 DEVIATION 

60.00 60.00 60.00 60.53 0.61 

134.53 136.70 136.23 137.14 1.60 
Puncture Resistance lb/in 2237.70 2255.04 2233.28 2235~25 2270.25 2_277.7~- 2251.17 2242.17 ,2278_l!_J_270.50 . 2265.58 13.10 

~. J&L TESTING COMPANY, INC M'"''l50PR. WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

POINT No. 
REPLICATE 

No. 1 2 3 
1 61.0 58.0 61.0 
2 62.0 58.0 61.0 
3 I 61.0 57.0 58.0 
4 58.0 61.0 58.0 
5 59.0 61.0 58.0 

J&L TESTING COMPANY, INC 

4 
58.0 
59.0 
59.0 
61.0 
62.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: · K.U. 

AVG. 
5 

62.0 60.0 
60.0 60.0 
59.0 58.8 
58.0 59.2 
57.0 59.4 

MW3050HD.WK4 



TOTAL VOLATILES 
MTM-1 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

REPLICATE No. 
TEST UNITS 1 2 

VOLATILES % 0.12 0.14 

3 

0.12 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 

0.13 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW3050VO.WK4 



EXTRACTABLES CONTENT 
MTM-2 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

Initial Wt. 
After Extraction 

%Extractables 

2.5435 grams 
2.5292 grams 

0.56 

JOB No.: 97S218().{)1 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

Reference : EP A/600/2-88/052, Appendix E 

q 
J&L TESTING COMPANY, INC MW3050EX. WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 37.8 
2 0.9494 26.7 
3* 0.9560 20 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH 24.5 22.5 I 23 20.2 
DENSITY 0.9505 I 0.9532 0.9526 0.9564 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY:. K.U. 

Corr. Depth 
38.11 
25.60 
20.80 

5 AVERAGE 

21.2 22.28 
0.9550 I 0.9535 

/!J 
MW3050DN.WK4 



CLIENT: 
·PROJECT: 

MATERIAL: 
SAMPLE: 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
GO mil Smooth HOPE 
30 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus (MD) J2Si 51,655.60 

2% Secant Modulus (CD) psi 49,006.60 

~ ............ 
.:::; \" J&L TESTING COMPANY, INC 

c.C:l_, 

2 % SECANT MODULUS 
ASTM D-5323 

REPLICATE No. 

2 3 4 

51,655.60 52,980.10 51,655.60 

51,655.60 50,993.40 50,331.10 

5 

47,019.90 

52,980.10 

JOB No.: 
DATE: 

TESTED BY: 
CHECKED BY: 

AVERAGE 

50,993.36 

50,993.36 

97S2180-01 
10-15-97 

D.T./K.T. 
K.U. 

STANDARD 
DEVIATION 

2051.89 

!324.50 

MW3050MD.WK4 









NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

THICKNESS [mils] 
SPECIMEN 

No. 1 2 3 
D (Initial) 60.5 60.5 60.0 
D (Final) 60.5 60.5 60.0 

I 
E (Initial) 60.5 61.0 61.7 
E (Final) 60.5 61.5 61.5 

I 
F (Initial) 61.5 61.5 60.5 I 
F (Final) 61.5 61.0 60.5 

J&L TESTING COMPANY, INC 

4 

60.0 
60.0 

61.7 
61.0 

60.5 
61.0 

5 

60.0 
60.0 

61.0 
I 61.0 

61.3 
61.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

60.2 
60.2 0.00 

I 
61.2 
61.1 -0.13 

61.1 
61.0 -0.10 

MW2360TH.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 

. SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

SPECIMEN Initial Mass 
No. (oz/sy) 
D I 42.2 

E 43.0 

F 43.0 

J&L TESTING COMPANY, INC 

Final Mass 
(ozfsy) 

42.2 

43.0 

43.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U . 

Percent 
Change 

-0.00 

I -0.00 

0.00 

MW6023UW.WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson JOB No.: 97S2180-01 
PROJECT: Gary Works, Indiana DATE: 11-15-97 

EPA 9090 Testing Program TESTED BY: D.T./K.T. 
MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U. 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

-

SPECIMEN Length (MD) Width (CD) Percent 
No. (mm) (mm) Change 

D (Initial) · 99.9 99.9 0.00 
D (Final) 100.0 100.0 0.00 

E (Initial) 99.9 100.0 0.10 
E (Final) 100.0 100.0 0.00 

F (Initial) I 100.0 100.0 I 0.00 
F (Final) 100.0 100.0 0.00 

3 
J&L TESTING COMPANY, INC MW6023DM.WK4 



CLIENT: Montgomery Watson 
l'ROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Yield Strength (MD) lb/in 161.69 

Elongation at Yield (MD) % 20.00 

Break Strength (MD) lb/in 286.90 

Elongation at Break (MD % 831.77 

Yield Strength (CD) lb/in 159.56 

Elongation at Yield (CD) % 18.46 

Break Strength (CD) lb/in 293.02 

Elongation at Break (CD) % 913.98 

~ J&L TESTING COMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

149.88 162.50 160.08 

20.00 19.23 20.00 

298.27 300.81 291.81 

864.46 873.99 846.80 

163.79 162.50 159.96 

19.23 19.23 18.46 

294.76 296.65 267.94 

915.09 913.04 850.51 

JOB No.: 97S2180-01 
DATE: ll-15-97 

TESTED BY: D.T./K.T. 
CIIECKED BY: K. U. 

AVERAGE STANDARD 
5 DEVIATION 

159.07 158.65 4.5440 

19.23 19.69 0.3768 

273.59 290.27 9.6643 

809.93 845.39 22.9210 

163.51 161.86 1.7759 

18.46 18.77 0.3768 

273.87 285.25 11.9153 

861.32 890.79 28.6861 --- ---------

MW6f'"'~TP. WK4 



CLiENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD) 111 its 60.50 

Tear Resistance (MD) lb 56.00 

Tear Resistance (MD) lblin 925.62 

Thickness (CD) mils 60.00 

Tear Resistance (CD) lb 55.60 

Tear Resistance (CD) lblin 926.67 

~ J&LTESTING COMPANY, INC 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

61.50 60.50 61.50 

54.30 56.50 55.50 

882.93 933.88 902.44 

61.50 60.50 61.00 

55.60 55.20 56.20 

904.07 912.40 921.31 

JOB No.: 97S2180-0 1 
DATE: 11-15-97 

TESTEDDY: D.T./K.T. 
ClillCKED BY: K. U. 

AVERAGE STANDARD 
5 DEVIATION 

61.50 61.10 0.4899 

56.80 55.82 0.8795 

923.58 913.69 18.5518 

61.00 60.80 0.5099 

56.30 55.78 0.4118 

922.95 917.48 8.1830 

MW6023TR. WK4 



CLffiNT: Montgomery Watson 
I'ROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smootlt HDPE 
SAMI'LE: 60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 2 

Thickness mils 62.00 61.00 

Puncture Resistance lb 135.15 134.50 

3 

61.00 

132.95 

I'UNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

4 5 6 

60.00 61.00 60.50 

7 

61.00 

134.70 134.47 135.62 135.17 

8 9 10 

61.50 61.00 62.00 

137.50 129.90 131.75 
Puncture Resistance lb/in 2179.84 2204.92 2179.51 2245.00 2204.43 2241.65 2215.90 2235.77 2129.51 2125.00 

~ J&L TESTING COMPANY, INC 

JOB No.: 9752180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CIIECKEDBY: K.U. 

AVERAGE STANDARD 
DEVIATION 

61.17 0.47 

134.07 2.53 

2192.04 47.44 

MW~n'3PR. WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

POINT No. 
REPLICATE 

No. 1 2 3 

1 60.0 I 58.0 57.0 
2 60.0 59.0 I 57.0 
3 57.0 58.0 I 60.0 
4 I 58.0 57.0 57.0 
5 57.0 56.0 56.0 

J&L TESTING COMPANY, INC 

4 

59.0 
58.0 
61.0 
58.0 
58.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

AVG. 
5 

58.0 58.4 
58.0 58.4 
61.0 59.4 
60.0 58.0 
58.0 57.0 

1 
MW6023HD. WK4 



CLIENT: 
PROJECT: 

MATERIAL: 
SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
60 DAY, 23 DEGREE CELSIUS 

REPLICATE No. 
UNITS I 2 

% 0.05 0.05 

3 

0.04 

JOB No.: 

DAIE: 
IESIEDBY: 

CHECKED BY: 

AVG. 

0.05 

97S2180-0l 
11-15-97 

D.T.IK.T. 
K.U. 

Reference; EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW6023VO.WK4 



EXTRACTABLESCONTENT 
MTM-2 

CLIENT: Montgomery Watson 
PROJEcr: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

%Extractables 

2.4916 grams 

2.4834 grams 

0.33 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

Reference: EPA/600/2-88/052, Appendix E 

1 
J&L TESTING COMPANY, INC MW6023EX.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 35.2 
2 I 0.9494 26.5 
3* 0.9560 I 19 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH I 20.5 I 20.5 I 21.0 19.8 
DENSITY I 0.9524 I 0.9524 0.9517 0.9534 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

rCorr. Depth 
38.11 
25.60 
20.80 

5 AVERAGE 

I 19.8 I 20.3 
0.9534 I 0.9527 

/fJ 
MW6023DN.WK4 



CLIENT: 
PROJECT: 

MATERIAL: 

SAMI'LE: 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HOPE 
60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus (MD) psi 50,622.25 

2% Secant Modulus (CD) psi 51,655.60 

~~ it_\ J&L TESTING COMPANY, INC 

· 2 % SECANT MODULUS 
ASTM D-5323 

REPLICATE No. 

2 3 4 

54,966.89 46,357.60 52,980.10 

54,966.90 54,966.90 54,966.90 

5 
·. 

55,629.14 

54,966.90 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 
DEVIATION 

52,111.20 3364.72 

54,304.64 1324.52 

MW6023MD.WK4 









NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

THICKNESS [mils] 
SPECIMEN 

No. 1 2 3 
P (Initial) 61.0 I 60.8 60.8 
P (Final) 61.0 61.0 61.0 I 
Q (Initial) 61.5 61.3 60.5 
Q (Final) 61.5 60.5 60.0 

I 
R (Initial) 61.5 61.5 61.3 
R (Final) 60.5 61.0 61.5 

J&L TESTING COMPANY, INC 

4 
61.0 
61.0 

60.4 
60.5 

61.0 
61.5 

5 

61.0 
61.0 

61.0 
61.0 

. 

60.5 
61.0 

JOB No.: 9752180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. ·Percent 
Change 

60.9 
61.0 0.13 

60.9 
I 60.7 -0.39 

I 61.2 
61.1 -0.10 

!of- I( 
MW5060TH.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

SPECIMEN Initial Mass 
No. (oz/sy) 
p 43.0 

Q 43.1 

R I 43.3 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.2 

43.1 

43.3 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-1.86 

I 0.01 

I 0.02 

MW6050UW. WK4 



DIMENSION CHANGES 

I 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

SPECIMEN Length (MD) 
No. (mm) 

P (Initial) 100.0 
P (Final) 100.0 

Q (Initial) 100.0 
Q (Final) 100.0 

R (Initial) 100.0 
R (Final) 100.0 

J&L TESTING COMPANY, INC 

' ' 

Width (CD) 
(mm) 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

3 
MW6050DM.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Yield Strength (MD) lb/in 167.22 

Elongation at Yield (MD) % 18.46 

Break Strength (MD) I b/in 307.06 

Elongation at Break (MD % 889.81 

Yield Strength (CD) lb/in 154.84 

Elongation at Yield (CD) % 19.23 

Break Strength (CD) lb/in 266.81 

Elonga(ion at Brea_k(CD! L_% - 838.84 
---·-· --·-··-

~ J&L TESTING COMPANY, INC 

TENSILE PROPERTIES 
ASTM D-638 

REPLICATE No. 

2 3 4 

161.69 152.42 161.09 

19.23 20.00 19.23 

293.75 315.32 288.31 

871.91 896.08 858.00 

148.67 160.97 164.11 

18.46 19.23 20.77 

274.88 327.02 296.85 

859.87 __ 289.53_ 903.36 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CIIECKED BY: K. U. 

AVERAGE STANDARD 
5 DEVIATION . 

164.19 161.32 4.9488 

21.54 19.69 1.0434 

284.27 297.74 11.6806 

829.16 868.99 24.0145 

153.91 156.50 5.4534 
I 

19.23 19.38 0.7537 
' 

304.52 294.02 21.5103 

947.29 
' 

907.78 55.3371 -

MW60~0TP.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MA'fEiliAL: 60 mil Smooth HDPE 
SAMI'LE: 60 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

-

Thickness (MD) mils 61.00 

Tear Resistance (MD) lb 56.50 

Tear Resistance (MD) lb/in 926.23 

Thickness (CD) mils 62.00 

Tear Resistance (CD) lb 55.30 

Tear Resistance (CD) lb/in 891.94 

~ J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTM D-1004 

REPLICATE No. 

2 3 4 

61.50 61.20 60.50 

57.30 56.70 55.90 

931.71 926.47 923.97 

61.50 60.00 60.00 

56.20 54.20 55.20 

913.82 903.33 920.00 

JOn No.: 

DATE: 
TESTEDDY: 

CIIECKED DY: 

AVERAGE 
5 

61.50 61.14 

58.30 56.94 

947.97 931.27 

60.00 60.70 

54.30 55.04 

905.00 906.82 

97S2180-0l 
11-15-97 

D.T./K.T. 
K.U. 

STANDARD 
DEVIATION 

0.3720 

0.8139 

8.7267 

0.8718 

0.7338 

9.5890 

MW6050TR.WK4 



CLIENT: Montgomery Watson 
l'IIOJEC'f: Gary Works, Indiana 

EPA 9090 Testing Program 
MATEIIIAL: 60 mil Smootll HDPE 
SAMI'LE: 60 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
I 2 

Thickness mils 61.50 62.00 

Puncture Resistance Ib 140.65 140.25 

3 

60.00 

138.45 

l'UNCTURE RESISTANCE 
ASTMD-4833 

REPLICATE No. 

4 5 6 

61.50 60.00 60.50 

135.62 139.62 138.00 

JOB No.: 97S2180-0I 
DATE: li-I5-97 

'I'ESTED BY: D.T./K.T. 
CilllCKED BY: K. U. 

AVERAGE STANDARD 
7 8 9 10 DEVIATION 

60.50 62.00 62.00 62.00 61.17 0.85 

137.85 138.90 139.57 138.47 138.74 0.70 
Pw1cture Resistance Ib/in 2286.99 2262.10 2307.50 2205.20 2327.00 2280.99 :2278.51_ 2240.32 2251.13_.1233.12_. 2268.56 31.64 

~ J&L TRSTING COMPANY, INC MWf" . 'rR. WK4 



HARDNESS 
ASTMD-2240 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

POINT No. 
REPLICATE 

No. 1 2 3 
1 56.0 I 58.0 58.0 
2 I 55.0 57.0 56.0 
3 60.0 I 59.0 60.0 
4 57.0 57.0 58.0 
5 I 57.0 56.0 58.0 

J&L TESTING COMPANY, INC 

I 

4 

58.0 
57.0 
60.0 
59.0 
57.0 

JOB No.: 9752180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

57.0 57.4 
57.0 56.4 
59.0 59.6 
58.0 57.8 
56.0 56.8 

l 
MW6050HD.WK4 



CLIENT: 
PROJECT: 

MATERIAL: 
SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
60 DAY, 50 DEGREE CELSIUS 

REPLICATE No. 
UNITS 1 2 

% 0.06 0.05 

3 

0.06 

JOB No.: 

DATE: 
TESTED BY: 

CHECKED BY: 

AVG. 

0.05 

97S2180-01 
11-15-97 

D.T.IK.T. 
K.U. 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW6050VO.WK4 



EXTRACTABLES CONTENT 
MTM-2 

CLIENT: Montgomery Watson 
PROJECf: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

Initial Wt. 

After Exrraction 

%Extractables 

2.4882 grams 

2.4810 grams 

0.29 

JOB No.: 97S2180-0l 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

Reference: EPA/600/2-88/052, Appendix E 

7 
J&L TESTING COMPANY, INC MW6050EX.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

Standard Floats 

Float No. I ensity, g/ c Depth 
1* 0.9322 35.2 
2 0.9494 26.5 
3* 0.9560 19 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH 19.5 I 19.5 20.0 19.6 
DENSITY I 0.9538 0.9538 0.9531 0.9537 

J&L TESTING COMPANY, INC 

.JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T.IK.T. 
CHECKEDBY: K.U. 

~orr. Deptb 
38.11 
25.60 
20.80 

5 AVERAGE 

I 19.8 I 19.7 
I 0.9534 I 0.9535 

/t! 
MW6050DN.WK4 



~ 
' ~ 
~ 

£)____ 

CLIEN'f: 
PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 
EPA 9090 Testing Program 
60 mil Smooth HOPE 

SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
I 

2% Secant Modulus (MD) psi 53,642.40 

2% Secant Modulus (CD) psi 53,973.50 

J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTM D-5323 

REPLICATE No. 

2 3 4 

51,655.60 54,304.60 51,986.80 

56,921.40 51,655.60 52,649.QO 

5 

54,966.90 

52,317.90 

JOB No.: 97S2180-0l 
DATE: 11-15-97 

TESTED BY: D.T.IK.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 
DEVIATION 

53,311.26 1290.96 

53,503.48 1868.34 

MW6050MD.WK4 









0- RIN 

MEMBRANE 

SILICONE BEAD 

NOTE EDGE SEAL --' 
OVERLAP 

J & L Testing Compauy, Inc. 
GCLSETUP.PPT 

~ 

CAP 

J------ GCl 

POROUS STONE 

SYSTEM CONFIGURATION DETAIL 

FIGURE 1 



FLEX-WALL FLUID COMPATIBILITY TEST SCHEMATIC 
FOR GCL's 

"EPA 9100/ASTM D-5084 TEST PROCEDURE" 

CELL PRESSURE 
PRESSURE REGULATOR 

CELL VOLUME MEASUREMENT 

OUTFLOW VOLUME MEASUREMENT 
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5 .... ... 
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~ 0 _. ... 
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SEE FIGURE 1 
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AND READOUT SYSTEM 

J & L Testing Company, Inc 
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SUMMARY OF TRIAXIAL PERMEABILITY 
TEST RESULTS 

ASTM D-5084 (METHOD A) 

Client : MONTGOMERY WATSON Date : 12124/97 

Project Location : U.S. STEEL GRAND CALMUT RIVER- CAMU Job No. : 975218().02 
: GARY WORKS, INDIANA Tested By : KTIMS 

Sample!D : BENTOFIX NW GCL Checked By : MS 
Description : CHEMICAL IN TEST UQUID 

H\ r!lf~i§l!iffi>Pilf&!?lli¥ rr 
Initial Height (in) : 0.33 Final Height (in) : 0.30 
Initial Diameter (in) : 4.00 Final Diameter (in) : 3.85 
Initial Volume ( in'3) : 4.15 Final Volume ( in'3) : 3.49 
Initial Wet Weight ( g ) : 54.80 Final Wet Weight (g) : 68.50 
Wet Density (pcf) : 50.30 Wet Density (pcf) : 74.65 

Moisture Content % : 47.2 Moisture Content % : 84.1 
Dry Density {pcf) : 34.17 Dry Density {pcf) : 40.56 

Cell Pressure (psi) : 50.5 Effective Stress (psi) : 10 
Head Water (psi) : 41.0 
Tail Water (psi) : 40.0 Gradient : 92.3 

DATE TIME EI. Time 

09/04/97 16:32 SATURATION AND PER.MEABll.ITY WITH WELL WATER 23 
09/17/97 08:24 18232.00 

Ifk ht i?iifiil~!!l!Yi?iiii r 
Inflow, cc Outflow. cc Out/Inflow Ave Flow,cc K. em/sec Cum Time, Day 

09/17/97 09:15 
09/18/97 08:08 1373.00 1.5 1.6 1.07 1.6 2.5E-09 0.95 

09/19/97 08:05 1437.00 1.3 1.3 1.00 1.3 2.0E-09 1.95 

09/20/97 08:10 1445.00 1.3 1.4 1.08 1.4 2.1E-09 2.95 

09/21197 13:15 1745.00 1.6 1.25 0.78 1.4 1.8E-09 4.17 
09/22197 08:07 1132.00 I 0.9 0.90 . 1.0 1.9E-09 4.95 

09/23/97 08:05 1438.00 1.1 1.3 1.18 1.2 1.9E-09 5.95 

09/24/97 08:09 1444.00 1.3 1.15 0.88 1.2 1.9E-09 6.95 

09/25/97 08:09 1440.00 1.3 1.25 0.96 1.3 2.0E-09 7.95 

09/26/97 15:54 1905.00 1.6 1.8 1.12 1.7 2.0E-09 9.28 

09129/97 08:09 3855.00 3.4 3.4 1.00 3.4 2.0E-09 11.95 

09/30/97 08:09 1440.00 1.4 1.3 0.93 1.4 2.1E-09 12.95 
10/01197 08:10 1441.00 1.6 1.4 0.88 1.5 2.3E-09 13.95 

10/02/97 08:10 1440.00 1.45 1.5 1.03 1.5 2.3E-09 14.95 

10/03/97 08:10 1440.00 1.55 1.46 0.94 1.5 2.3E·09 15.95 

10/06/97 08:26 4336.00 4.7 4.7 1.00 4.7 2.4E-09 18.97 

10107197 08:17 1431.00 1.5 1.5 1.00 1.5 2.3E-09 19.96 

10/08/97 08:10 1433.00 1.5 1.5 1.00 1.5 2.3E-09 20.95 

10/09/97 08:10 1440.00 1.5 1.5 1.00 1.5 2.3E·09 21.95 

10110197 08:11 1441.00 1.45 1.4 0.97 1.4 2.2E-09 22.96 

10/13/97 08:10 4319.00 4.5 4.5 1.00 4.5 2.3E-09 25.95 

10114/97 08:10 1440.00 1.5 1.5 1.00 1.5 2.3E-09 26.95 

10115/97 08:14 1444.00 1.55 1.5 0:97 1.5 2.4E-09 27.96 

10/16/97 08:13 1439.00 1.6 1.55 0.97 1.6 2.5E-09 28.96 

10117/97 08:13 1440.00 1.55 1.6 1.03 1.6 2.4E-09 29.96 

10120197 08:09 4316.00 4.45 4.3 0.97 4.4 2.3E-09 32.95 

10/21197 08:10 1441.00 1.5 1.5 1.00 1.5 2.3E-09 33.95 

10122197 08:13 1443.00 1.46 1.6 1.10 1.5 2.4E-09 34.96 

10/23197 08:10 1437.00 1.6 1.5 0.94 1.6 2.4E-09 35.95 
10124197 08:10 1440.00 1.5 1.5 1.00 1.5 2.3E-09 36.95 
10/27/97 09:14 4384.00 ''.5 4.55 1.01 4.5 2.3E-09 40.00 
10/28/97 09:10 1436.00 1.5 1.5 1.00 1.5 2.3E-09 41.00 

J&L TESTING COMPANY Inc. JOB No. 9752180.02 MW-EPAI.WK4 



10/29/97 09:07 
10130/97 09:10 
!0/31197 09:!1 
1!103/97 09:17 
11104/97 09:12 
11105197 09:11 
11106/97 12:36 
11/07/97 09:12 
11110/97 09:18 
11111/97 09:10 
11112/97 09:08 
11/13/97 09:!0 
11/14/97 09:!0 
11117/97 09:06 
11124/97 16:42 
11/25/97 08:21 
11126/97 07:39 
11128/97 12:00 
12/01197 16:42 
12/04/97 18:25 
12/09/97 10:55 
12/12/97 14:26 
12/15/97 14:26 
12/17/97 20:!0 
12/22/97 20:30 

1437.00 1.5 1.5 1.00 1.5 2.3&09 
1443.00 1.5 1.5 1.00 1.5 2.3&09 
1441.00 !.6 !.5 0.94 1.6 2.4&09 
4326.00 4.5 4.6 1.02 4.6 2.4&09 
1435.00 1.6 1.5 0.94 1.6 2.4&09 
1439.00 1.4 1.5 1.07 1.5 2.3&09 
1645.00 1.7 1.7 1.00 1.7 2.3&09 
1236.00 1.3 1.2 0.92 1.3 2.3&09 
4326.00 4.6 4.6 1.00 4.6 2.4&09 
1432.00 1.5 1.5 1.00 1.5 2.3&09 
1438.00 1.35 1.3 0.96 1.3 2.1&09 
1442.00 1.3 1.3 1.00 1.3 2.0&09 
1440.00 1.3 1.3 1.00 1.3 2.0&09 
4316.00 3.75 3.6 0.96 3.7 1.9&09 

10536.00 8.6 8.7 1.01 8.7 1.8&09 
939.00 0.8 0.8 1.00 0.8 1.9&09 

1398.00 1.2 1.2 1.00 1.2 1.9&09 
3141.00 2.6 2.6 1.00 2.6 1.9&09 
4602.00 3.7 3.6 0.97 3.7 1.8&09 
4423.00 3.5 3.4 0.97 3.5 1.7&09 
6750.00 5.2 5.3 1.02 5.3 1.7&09 
4531.00 3.5 3.5 1.00 3.5 1.7&09 
4320.00 3.45 3.45 1.00 3.5 1.8E-09 
3224.00 2.5 2.5 1.00 2.5 1.7&09 
7220.00 5.6 5.6 1.00 5.6 !.7E-09 

RESULTS OF COMPATIBILITY TESTING 
US STEEL~ GRAND CAlMUT RIVER- CAMU 

BENTOFIX NW vs SYNTHETIC LE.A.CHA"IE 

41.99 
43.00 
44.00 
47.00 
48.00 
49.00 
50.14 
51.00 
54.00 
55.00 
56.00 
57.00 
58.00 
60.99 
68.31 
68.96 
69.93 
72.11 
75.31 
78.38 
83.07 
86.22 
89.22 
91.45 
96.47 

l.OOE-10 L..L.LL..!....l-L...L.l...!....l....Ll...l...l...!....L.JLLJ...L..L.I....L.JLL.L.l...J.....l-L...L.l...L..l....Ll...l....L.I.....LL..L.LL....LL..L.LL..J 
0 10 20 30 50 60 70 80 90 100 

EJ.apsed Time, pays 

J&L TESTING COMPANY Inc. JOB No. 9752180-02 MW-EPAI.WK4 









'"""-<;:, 

u 
Q) 

"' 8 
u 

c 
:;:1 
7il 
Q) 

§ 
Q) 

p.. 

l.OOE-07 

l.OOE-08 

l.OOE-09 

l.OOE-10 

I-

~ 

--

t-
1- I-

~ I-

I-I-

I-

I-I-

1-1-

I-I-

0 

1-
1-t-

1-
+- I-

- -

RESULTS OF COMPATIBILITY TESTING 
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SUMMARY OF TRIAXIAL PERMEABILITY 
TEST RESULTS 

ASTM D-5084 (METHOD A) 

Client : MONTGOMERY WATSON Date : 10-3-97 
Project Location : U.S. STEEL GRAND CALMUT RIVER- CAMU Job No .. : 97S2180-02 

: GARY WORKS, INDIANA Tested By : KT 
Sample Number : CONTROL SAMPLE Checked By : MS 
Description : WELL WATER ONLY 

Ii !'h§Sl~!'®Pii#fl?l1!4I t 
Initial Height ( in ) : 0.33 Final Height ( in ) : 0.31 
Initial Diameter ( in ) : 4.00 Final Diameter ( in ) : 3.96 
Initial Volume ( in'"'3 ) : 4.15 Final Volume ( in•3) : 3.82 
Initial Wet Weight (g) : 54.80 Final Wet Weight (g) : 71.20 
Wet Density ( pcf) : 50.30 WetDensity (pcf) : 70.98 
Moisture Content % : 28.0 Moisrure Content % : 81.2 
Dry Density ( pcf) : 39.29 Dry Density ( pcf) : 39.17 

Cell Pressure (psi) : 54.5 Effective Stress (psi) : 10 
Hesd Water (psi) : 45.0 
Tail Water (psi) : 44.0 Gradient : 89.3 

DATE TIME EL Time 

09/04/97 16:26 SATURATION TEST TEMP. 23 
09116/97 10:20 16914.00 

Inflow, cc Outflow, cc Out/Inflow Ave Flow,cc K, em/sec Cum Time, Day 
09116/97 10:25 
09117/97 14:10 1665.00 3 3.95 1.32 3.5 4.6E-09 1.16 
09117/97 17:10 180.00 0.4 0.4 1.00 0.4 4.9E-09 1.28 
09118/97 08:08 898.00 I I 1.00 1.0 2.4E-09 1.90 
09119/97 08:05 1437.00 1.3 1.15 0.88 1.2 1.9E-09 2.90 
09/20/97 08:10 1445.00 1.25 1.15 0.92 1.2 1.8E-09 3.91 
09/21197 13:15 1745.00 1.4 1.4 1.00 1.4 1.8E-09 5.12 
09122197 08:07 1132.00 0.9 0.9 1.00 0.9 1.7E-09 5.90 
09/23/97 08:05 1438.00 1.2 1.1 0.92 1.2 1.7E-09 6.90 
09/24/97 08:09 1444.00 1.2 1.2 1.00 1.2 1.8E-09 7.91 
09/25/97 08:09 1440.00 1.2 1.25 1.04 1.2 1.9E-09 8.91 
09/26/97 15:54 1905.00 1.6 1.6 1.00 1.6 1.8E-09 10.23 
09/29/97 08:09 3855.00 3.2 3.3 1.03 3.3 1.8E-09 12.91 
09/30/97 08:08 1439.00 1.3 1.4 1.08 1.4 2.1E-09 13.90 

I 10/01/97 08:10 1442.00 1.4 1.3 0.93 1.4 2.0E-09 14.91 

I 10/02197 08:09 1439.00 1.2 1.4 1.17 1.3 2.0E-09 15.91 

I 
10/03/97 08:07 1438.00 1.1 1.32 1.20 1.2 1.8E-09 16.90 
10/06/97 13:20 4633.00 3.6 3.7 1.03 3.7 1.7E-09 20.12 

I 
10/07/97 16:35 1635.00 1.5 1.6 1.07 1.6 2.1E-09 21.26 
10/08/97 14:50 1335.00 1.3 1.2 0.92 1.3 2.0E-09 22.18 

I 10/09/97 16:55 1565.00 1.5 1.4 0.93 1.5 2.0E-09 23.27 
10/10/97 08:10 915.00 0.8 0.8 1.00 0.8 1.9E-09 23.91 
10/13/97 16:53 4843.00 3.85 4.1 1.06 4.0 1.8E-09 27.27 
10/14/97 08:10 917.00 0.55 0.85 1.55 0.7 1.7E-09 27.91 
10/15/97 08:14 1444.00 1.39 1.05 0.76 1.2 1.8E-09 28.91 
10/16/97 08:13 1439.00 1.01 1.1 1.09 1.1 1.6E-09 29.91 
10/17/97 08:13 1440.00 1.1 1.2 1.09 1.2 1.7E-09 30.91 
10/20/97 08:09 4316.00 3.1 3.15 1.02 3.! 1.6E-09 33.91 
10/21197 08:10 1441.00 1.1 I 0.91 1.! 1.6E-09 34.91 
10/22197 08:13 1443.00 1.15 1.2 1.04 1.2 1.8E-09 35.91 
10/23/97 08:10 1437.00 1.1 1.2 1.09 1.2 1.8E-09 36.91 
10/24/97 08:10 1440.00 1.2 1.1 0.92 1.2 1.7E-09 37.91 

J&L TESTING COMPANY Inc. JOB No. 97S2!80-02 01102198 MW-EPA2.WK4 



10/27/97 09:13 4383.00 3.6 3.3 0.92 3.5 1.7&09 40.95 
10/28/97 09:10 1437.00 1.3 1.3 1.00 1.3 2.0&09 41.95 
10/29/97 09:07 1437.00 !.25 1.3 1.04 1.3 L9E-09 42.95 
10/30/97 09:10 1443.00 1.3 1.3 1.00 1.3 2.0&09 43.95 
10/31/97 09:11 1441.00 1.3 1.3 1.00 1.3 2.0&09 44.95 
11/03/97 09:17 4326.00 4 4.1 1.03 4.1 2.0&09 47.95 
11/04/97 09:12 1435.00 1.25 1.35 1.08 1.3 2.0&09 48.95 
11105197 09:10 1438.00 1.3 1.2 0.92 1.3 1.9&09 49.95 
11/06/97 12:35 1645.00 1.4 1.4 1.00 1.4 1.9E-09 51.09 
11107/97 09:12 1237.00 1.05 Ll 1.05 l.J 1.9&09 51.95 
11/J0/97 09:17 4325.00 3.45 3.4 0.99 3.4 J.7E-09 54.95 
11/11197 09:10 1433.00 1.35 1.35 1.00 1.4 2.1&09 55.95 
11112/97 09:08 1438.00 1.3 1.3 1.00 1.3 2.0E-09 56.95 
11/13/97 09:10 1442.00 1.25 1.2 0.96 1.2 1.9&09 57.95 
11114/97 09:10 1440.00 1.3 1.3 1.00 1.3 2.0E-09 58.95 
11/17/97 09:06 4316.00 4 3.9 0.98 4.0 2.0&09 6!.95 
11/25/97 08:21 11475.00 10.4 10.4 1.00 10.4 2.0&09 69.91 
11126/97 07:39 1398.00 1.3 1.3 1.00 1.3 2.0&09 70.88 
11/28/97 13:10 3211.00 3 3 1.00 3.0 2.0E-09 73.11 
12/01/97 16:42 4532.00 4 4 1.00 4.0 L9E-09 76.26 
12/04/97 18:25 4423.00 3.9 3.9 1.00 3.9 L9E-09 79.33 
12/09/97 08:30 6605.00 5.8 5.9 1.02 5.9 L9E-09 83.92 
12/12/97 14:25 4675.00 4.3 4.3 1.00 4.3 2.0E-09 87.17 
12/15/97 15:11 4366.00 3.95 4 1.01 4.0 2.0E-09 90.20 

RESULTS OF COMPATIBILITY TESTING 
U.S. STEEL- GRAND CALMUTRIVERCAMU 

BENTOFIXNWvs. WEU. WATER- CONTROL SAMPLE 
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Performed For: 

Montgomery Watson 
One Science Court 
P.O. Box 5385 
Madison, WI 53705-0385 

Performed By: 

J&L Testing Company, Inc. 
938 S. Central Avenue 
Canonsburg, P A 15317 

EPA 9090 TESTING 
U.S. STEEL GRAND CALMUT RIVER- CAMU 
FINAL REPORT 

February 26, 1998 
97S2180 



JLT J&l TESTING COMPANY, INC. 
GEOTECHNICAL AND GEOSYNTHETICS MATERIALS TESTING AND RESEARCH 

Montgomery Watson 
One Science Court 
P.O. Box 5385 
Madison, WI 53 705-03 85 

Attn: Valerie Ranguette, P.E. 

RE: GEOSYNTHETIC LABORATORY TESTING 
U.S. STEEL GRAND CALMUT RIVER CAMU 
FINAL REPORT 

Dear Ms. Ranguette: 

February 26, 1998 
97S2180-0l 

J&L Testing Company, Inc. (JLT) is pleased to submit this final report of testing performed to 

evaluate the compatibility of geosynthetics materials for the above referenced project. The purpose of this 
report is to provide you with a copy of the data and results, allow you to review the data, and provide any 

comments. The work performed and summarized herein includes: 

I) Preparation of synthetic leachate 
2) Compatibility testing of geomembrane in accordance with EPA 9090A protocols using the 

leachate generated above 

The following sections describe the details of the preparation of the leachate, the compatibility 
testing program and results oftests. 

1. Leachate Preparation 

The synthetic leachate used for the compatibility and the biological clogging tests was prepared by 
mixing the required organic chemicals with well water. The required concentration recipe of each 

·"organic compound in the final solution was provided to JLT by Montgomery Watson and are as 
follows: 

Chemical 

Toluene 
Naphthalene 
Dibenzofuran 

Concentration 

100 mg!L 
100 mg!L 
10.0 mg!L 

These chemicals were purchased in pure state. TI1ree (3) batches, each sufficient to prepare 28 liters 
of the synthetic leachate were prepared. The following outlines further details of the leachate 
preparation. 

~ TI1e organic compounds were weighed to the nearest O.OOO!g using an analytical balance 
and mixed. 

938 Soutn Central Avenue • Canonsburg, Pennsylvania 15317 Tel: (724) 746-4441 Fax: (724) 745-4261 
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~ To insure that the compounds would dissolve in water, the organic mix was dissolved in 

acetone. The resulting mix was then stored in a glass bottle with a teflon-lined cap. 

~ Two (2) stainless steel 55-gallon drums were purchased and filled with 28 liters of well 

water each. The water used was previously tested for pH and metals (see Table I). 

~ A bottle containing the proportioned mix was emptied into each of the water drums and 

thoroughly mixed. 
~ Two (2) samples were taken from each of the two (2) water-chemical drums and tested for 

concentration of the chemicals for confirmation. Results of the confirmatory testing are 

presented on Table 2. 
This prepared synthetic leachate was then used to set up the compatibility and biological 

clogging tests. 

Table 1 
Analytical Results 

Well Water Used for Preparing Synthetic Leachate 

Parameter 

pH 

Barium 

Calcium 

Iron 

Magnesium 

Manganese 

Sodium 

Zinc 

Parameter 

Toluene 

Naphthalene 

Dibenzofuran 

Method Result 

EPA 150.1 7.31 

EPA 200.7 0.08 

EPA200.7 84.7 

EPA 236.1 0.56 

EPA200.7 16.9 

EPA243.1 <0.01 

EPA 273.1 40.7 

EPA289.1 0.03 

Table 2 
Synthetic Leachate 

Confirmatory Test Results 

Method Sample from Drum 
A 

1 2 

SW-846- 8021A 137.0 109.0 

SW-846-8270C 77.2 101.0 

SW-846-8270C 14.8 11.2 

Units 

su 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

mg!L 

Sample from Drum 
B 

1 2 

103.2 103.2 

102.6 103.7 

11.4 11.7 
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2. Geomembrane Compatibilitv Testing 
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In accordance with the laboratory testing program developed by Montgomery Watson, a sample of 

60 mil Smooth HDPE geomembrane was tested for compatibility with the synthetic leachate. The 

geomembrane used was manufactured by National Seal Company (NSC) and was supplied to JL T 
at Montgomery Wastou's request for the purpose of this testing. The compatibility testing was being 

performed in accordance with EPA 9090A protocols. The work performed is summarized below. 

Three (3) groups of gemembrane coupons were prepared for testing. 

~ One group was tested for all the required properties to establish baseline data. The group 
used forth~ baseline testing was not exposed to the leachate. 

The second group of samples was prepared and immersed in a tank of leachate maintained· 

at 23"C. 

The third group of samples was prepared and placed in a leachate tank maintained at 50"C. 

Both the 23 •c and so·c tanks contained sufficient coupons to test for the required 
properties in both the machine direction (MD) and cross direction (CD). 

Samples were drawn from each of the two (2) tanks at 30-day intervals and tested for the 

required properties. 

The following measurements and tests were performed on the baseline samples as well as 
the samples retrieved from the temperature controlled tanks: 

Thickness 
Dimensions (length and width) 
Weight 
Tensile Properties 
Tear Resistance 
Puncture Resistance 
Hardness 
Volatiles 
Extractables 
Density 
Secant Modulus (2%) 

ASTMD-5199 
ASTMD-751 
ASTMD-5261 
ASTMD-698 
ASTMD-1004 
ASTMD-4833 
ASTMD-2240 
EPA/600/2-88/052 
EPA/600/2-88/052 
ASTMD-1505 
ASTMD-5323 

These were the basic indicator tests required for the project in accordance with ASTM D-

5747 and per EPA 9090A. 

The results oftests performed were theu compared against the baseline data as well as the 
data from previous intervals for evaluation. 
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Appendix A presents the summary tables and graphical representations for test data obtained 

over the 120-day testing period. 

+- Appendix B presents the test results of the baseline testing. 

+- Appendix C presents the test results for the 30-day samples. 

+- Appendix D presents the test results for the 60-day samples. 

+- Appendix E presents the test results for the 90-day samples. 

+- Appendix D presents the test results for the 120-day samples. 

We appreciate the opportunity to provide the above testing services to Montgomery Watson and look 

forward to working with you again. Should you, upon review of the information presented herein, have any 

questions, comments or require additional information, please call. Thank you. 

Enclosures 
KU!rdg 
\wpwin60\lener\9869 

Sincerely, 

J&LTESTING COMPANY, INC. 

~:!?4fJy • --'1 
- / v'>"V"J,'l' / 

_..-J<en Urbanec, P.E. 7£/ 
Project Manager 
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Montgomery Watson 

Gary Works, Indiana 

EPA 9090 Testing Program 

60 mil Smooth HOPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TENSILE PROPERTIES ASTM 1)..638 

23De.C 

Baseline 30 day Immersion 60 dav Immersion 

A~n Aveni c Cbam~e % A Chanl"e % 

157.18 156.26 -0.59 158.65 0.94 

20.62 19.23 -6.74 19.69 -4.51 

263.87 303.65 I 15.08 290.27 10.00 

777.15 888.91 14.38 845.39 8.78 

175.73 165.48 -5.83 161.86 -7.89 

21.69 18.92 -12.77 18.77 -13.46 

263.79 295.59 I 12.06 285.25 8.14 

811.34 907.83 I 11,89 890.79 9.79 

I 

so~r-

Baseline 30 dav Immersion 60 dav Immersion 

Avcnt.J!I: Avcr:a c Chanoe. % A=~ Change % 

157.18 162.09 3.12 161.32 2.63 

10.61 19.69 -4.51 19.69 -4.51 

263.87 313.94 I 18.98 297.74 12.84 

777.15 903.98 I 16.32 868.99 11.82 

175.73 161.20 -8.27 156.50 ·10.94 

21.69 19.54 -9.91 19.38 ·10.65 

263.79 307.49 "16.57 294.02 11.46 

811.34 952.83 17.44 907.78 11.89 

J&L TESTING COMPAJ\TY, Inc. 97G"-203-0 1 

90 dav Immersion 

A- Chang:e % 

155.53 -1.05 

19.85 -3.73 

264.17 0.11 

777.27 0.02 

158.85 -9.61 

18.62 -14.15 

265.41 0.61 

835.33 2.96 

90 dav Immersion 

Avera~ Chonee % 

159.31 1.36 

19.85 ·3.73 

263.42 ·0.17 

782.87 0.74 

162.43 -7.57 

18.92 ·12. 77 
272.47 3.29 

845.56 4.22 

JOB No,: 
DATE: 

TESTED BY: 

CHECKED BY: 

120 dav Immersion 

Average 

156.73 

19.54 

279.50 

815.58 

. 158.59 

18.62 

273.48 

872.76 

120 day Immersion 

A= 

159.41 

19.85 

276.35 

814.96 

162.50 

19.23 

277.85 

870.39 

9782180-{)1 

01-12--98 

D.T./K.T. 

K.U. 

Chon""J; 

-0.29 

-5.24 

5.92 

4.94 

-9.75 

-14.15 

3.67 

7.57 

Chanee.% 

1.42 

-3.73 

4.73 

4.87 

-7.53 

-11.34 

5.33 

7.28 

/o-f /1 
TENSUM.WK4 



Client: 
Project: 

Material: 

>l:, 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TENSILE PROPERTIES ASTM D-638 

YIELD STRENGTH 
MACHINE DIRECTION 

Job Number: 
Date: 
Tested By: 
Checked By: 
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Client: 
Project: 

Material: 

w 

Montgomery Watson 
Gary Works, Indiana 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TENSILE PROPERTIES ASTM D-638 

EPA 9090 Testing Program 
60 mil Smooth HDPE 

YIELD STRENGTH 
CROSS DIRECTION 

200 ~----------------------------------------------------------------

~ 
1§. 175 

i5' 
~ 
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ffi ·-------------- Ill 
~ 1111 

"' g !50 f-

~ 

125 L_ ____________ _L ______________ ~--------------L-------------~ 

Job Number: 
Date: 
Tested By: 
Checked By: 

o 10 m w 120 
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J&L TESTING COMPANY, Inc. 97G2203-0l 

97S2180-0l 
1-12-98 

D.T./K.T. 
K.U. 

YSCGRF.WK4 



Client: 
Project: 

Material: 

--t::.... 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HOPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TENSILE PROPERTIES ASTM D-638 

BREAK STRENGTH 
MACHINE DIRECTION 

Job Number: 
Date: 
Tested By: 
Checked By: 

350 .---~------------l 

:? 
~ 300 
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~ 
"' 
~ 250 
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D.T./K.T. 
K.U. 
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Client: 
Project: 

Material: 

~ 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HOPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TENSILE PROPERTIES ASTM D-638 

BREAK STRENGTH 
CROSS DIRECTION 

350 r-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-: 

Job Number: 
Date: 
Tested By: 
Checked By: 

~ 
.c 
=., 300 ,_ 

~ 
~ 

~ 
=- --~!:::::=::::::~::c=-~'l 

~ 250 

P: 

"' 

200 L_ ____________ _L ______________ ~------------~--------------~ 

0 W @ • IW 

IMMERSION PERIOD (days) 

lii50DegC e23DegC 

J&L TESTING COMPANY, Inc. 9702203-01 

97S2180-0l 
1-12-98 

D.T./K.T. 
K.U. 

BSCGRF.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

= 
THJct:NBS$ [milo] 

RESISTANCE {MD) [ll>o] 

RES1STioNCE(MD) [lbflliJ 

TEST 

"tHICKNESS [milo] 

RBSISTANCE (CD) (lbl] 

RESISTAHCE CCDI (lb(m] 

II REPUCATE No. 

I 
THICKNESS[mib.] 

RESJSTANCE(MJ)J lhl 

RESlST.-.NC£ CMDl [lblizil 

I REPUCATE No. 

I 
i 
I 1HICKNESS imiloJ 

' I RBSISTANC:S (CD) [Ibo] 

I RBSISTANC:S (CD) (lbrm.l 

I 

El' A 9090 TESTING 
SUMMARY TEST RESULTS 

TEAR RESISTANCE- ASTM D-1004 

Montgomery Watson 

Gaiy Works, Indiana 

EPA 9090 Testing Program 

60 mil Smooth HDPE 

Baseline 30 41!Y Immersion 

A-ge Awra~ Cban2e 

60.88 60.20 -1.12 

54.78 54.66 -0."" 
900.50 908.04 0.84 

Baseline 30 dav Immersion 

A_., A~ Cban2e 

60.64 60.40 -0.40 

53.85 54.84 1.84 

888.17 907.93 2.22 

Baseline 30 dav Immenion 

% 

% 

A-J» Avcn.gc. Chan2:e,% 

60.88 59.90 -1.61 

54.78 56.20 2.59 

900.50 938.29 4.20 

Baseline 30 day Immersion 

A-.. •="' Cbanae,% 

60.64 60.40 .{).40 

53.85 53.73 -0.22 

888.17 889.75 0.18 

23Do.C 

60 day Immersion 

·-~ 
Cban2:e % 

61.10 0.36 

55.82 1.90 

913.69 1.46 

23Do.C 

60 dav Immersion 

·-"' Cban2:e % 

60.80 0.26 

55.78 3.58 

917.48 3.30 

50 Des! c 
60 dav Immersion 

Average Chan2:e, % 

61.14 0.43 

56.94 3.94 

931.27 3.42 

son..c 
60 dav Immersion 

AveNge Chan<>e, %' 

60.70 0.!0 

55.04 :!.21 

906.82 2.10 

J&L TESTING COM:PANY, Inc. 97G"-203-0 I 

90 dav Immersion 

·~ 
Chan2e % 

60.60 -0.46 

56.54 3.21 

933.05 3.61 

90 dav Immersion 

Avera= Chan2e % 

60.60 .{).07 

56.38 4.70 

930.46 4.76 

90 dav Immersion 

Avera= Chan2e,% 

60.60 .{).46 

57.50 4.97 

948.90 5.37 

90 dav Immersion 

A Chancre,% 

60.30 -0.56 

55.62 3.29 

9"".51 3.87 

JOB No.: 

DATE: 

TESTED BY: 

CHECKED BY: 

120 dav Immersion 

A~ 

60.84 

52.41 

861.32 

120 dav Immersion 

Avera= 

60.80 

51.19 

841.80 

120 dav Immersion 

A_,. 

60.40 

52.75 

873.33 

120 day Immersion 

·~ .. 
61.14 

52.21 

853.95 

978218().()1 

01·12-98 

D.T./K.T. 

K.U. 

Chanl!c % 

.{).07 

-4.33 

-4.35 

Chan2:e % 

0.26 

-4.94 

-5.22 

Chan2:e,% 

.{).79 

-3.71 

-3.02 

Change. % 

0.82 

-3.05 

-3.85 

TRSUM.WK4 



Client: 
Project: 

Material: 

~ 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TEAR RESISTANCE ASTM D-1004 

MAClliNE DIRECTION 

Job Number: 
Date: 
Tested By: 
Checked By: 

1050 ,---------------------------------------------------------------, 
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J&L TESTING COMPANY, Inc. 97G2203-0l 

97S2180-0I 
1-12-98 

D.T./K.T. 
K.U. 

TRMGRF.WK4 



Client: 
Project: 

Material: 

cf\ 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

TEAR RESISTANCE ASTM D-1004 

CROSS DIRECTION 

Job Number: 
Date: 
Tested By: 
Checked By: 

1000 .-------------------------------, 

950 

:s 
:0 
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UJ 
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0 30 60 90 120 

IMMERSION PERIOD (days) 

aSODegC e23DegC 

J&L TESTING COMPANY, Inc. 9702203-01 

97S2180-01 
1-12-98 

D.T./K.T. 
K.U. 

TRCGRF.WK4 



CLIENT: 
PROJECT: 

MA.TERIAL: 

I TEST 

"'H!o::NESS (milo) 

llESISJ'ANCE! ('lbo] 

JU!Sl5J'ANCE [lbf"mJ 

REPUCATE No. 

TBJCKN!!SS [..,a] 

RESISTANCE [lbo] 

RESISTAJ'ICE! [IbliDJ 

Montgomery Watson 

Gary Works, Indiana 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

PUNCTURE RESISTANCE - ASTM D-4833 

EPA 9090 Testing Program 

60 mil Smooth HDPE 

23 !leo c 
Baseline 30 day Immersion 60 dav Immersion 90 dav Immersion ....... ''"""' Chanl?e % ·~ Chane:e % ·~ 

CbanP:e 

59.48 61.00 2.56 61.17 2.84 60.75 2.14 

131.04 133.90 2.18 134.07 2.31 132.71 1.27 

2203.01 2195.25 .0.35 2192.04 .0.50 2184.38 .0.85 

Sll_Deo C 

Baseline 30 d~ Immersion 60 4!1y Immersion 90 day Immersion 

·~ 
A~n Chanl!e.% ·~ 

Chanl!e % ·~ Cban!!:e 

59.48 60.53 1.77 61.17 2.84 61.65 3.65 

J31.04 137.14 4.66 138.74 5.88 134.78 2.85 

2203.01 2265.58 2.84 2268.56 2.98 2186.25 -0.76 

J&L TESTING COMPANY, Inc. 

JOB No.: 97S2180-01 

DATE: 01-12-98 

TESTED BY: D.T.IIC.T. 

CHECKEDBY: K.U. 

120 dav Immersion 
% A Chan•e % 

60.83 2.27 

131.42 0.29 

2160.30 -1.94 

120 day_Immersion 

% A~ Chanl!e.% 

60.S3 2.27 

131.42 0.29 

2160.30 ~1.94 

PNCSUM.WK4 



Client: 
Project: 

Material: 

~· 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HOPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

PUNCTURE RESISTANCE ASTM D-4833 

Job Number: 
Date: 
Tested By: 
Checked By: 

2500 ~--------------------------------------------------------------1 

~ 
~ ~ 111---

i :~~ 

2000 L_--------------~------------~:.:--------------~--------------~ 
0 30 60 90 120 

IMMERSION PERIOD (days) 

11!50DegC e23DegC 

J&L TESTING COMPANY, Inc. 9702203-01 

97S2180-01 
1-12-98 

D.T./K.T. 
K.U. 

PNCGRF.WK4 



CLIEr.'T: 
PROJECT: 

MATERIAL: 

TEST 

RJW)ING [Do1tl D) 

REPUCATE No. 

J!EADING [DI>:m Dj 

Montgomery Watson 

Gary Works, hldiana 

EPA 9090 Testing Program 

60 mil Smooth HDPE 

Baseline 30 day Immersion 

EPA 9090 TESI1NG 
SUMMARY TEST RESULTS 
HARDNESS- ASTM 1).224{) 

230...C 

60 dav Immc:nion 

·-~ ·~~ Chan•e % ·~ Chan•e 

60.30 58.60 -2.82 57.00 -5.47 

50 Del! c 
Baseline 30 day Immersion 60 dav Immersion 

·~- ·-.. Cbane:e % A\ICnu:c Chanee 

60.30 59.40 -1.49 56.80 -5.80 
. 

J&L TESTING COMPANY, Inc. 97<3"-203-01 

90 dav Immersion 

% A Cbanl!e % 

60.20 -0.17 

90 dav Immersion 

% Avera~:e Chanee % 

60.40 0.17 

JOB No.: 

DATE: 

TESTED BY: 

CHECKED BY: 

120 da: • Immersion 

A 

60.60 

120 dav Immersion 

Aven11:c 

59.40 

97S2180-0! 

01-12-98 

D.T./K.T. 

K.U. 

Cban2e % 

0.50 

Cllane:e % 

-1.49 

/( 
HRDSUM.WK4 



Client: 
Project: 

Material: 

...____ 
~ 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 
HARDNESS ASTM D-2240 

1o,=--~~~ 

0 
25 

65 

~ 60 r- =:::::::::::::- "" 0 

~ 
55 

Job Number: 
Date: 
Tested By: 
Checked By: 

50 L-----------~------------~-------------L------------~ 
0 30 M • IW 

IMMERSION PERIOD (days) 

B50DegC e23DegC 

J&L TESTING COMPANY, Inc. 97G2203-0l 

9782180-01 
1-12-98 

D.T./K.T. 
K.U. 

HRDGRF.WK4 



CLIENTo 

PROJECTo 

MATERIALo 

TEST 

VOLA.TII.ES (~J 

REPUCATE No. 

vou:m.ES 1"1 

Montgomery Watson 

Gary Wotb, Indiana 

EPA 9090 Testing Program 

60 mil Smooth HDPE 

Baseline 30 day Immersion 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

VOLATILES 

230..C' 

60 day Immersion 

A-"' A-.. Change % A= Change 

0.10 0.10 0.00 0.05 -50.00 

50 De!! c 
Baseline 30 dav Immersion 60 dav Immersion 

% 

A=ral:e' Avcra~:e Change.% A~~ Change. % 

0.10 0.13 30.00 0.05 -50.00 

J&L TESTING COMPANY, Inc. 

90 day Immersion 

A Cham~e % 

0.03 -70.00 

90 d~y __ hnmersion 

A=tali!C Chan2e % 

0.06 -40.00 

JOB No.: 

DA'!Eo 
TES'IEDBY, 

CHECKEDBYo 

120 day Immersion 

A~ 

0.06 

120 day_Immersion 

A-

0.06 

9752180-01 

01-12-98 

D.T./K.T. 
K.U. 

Cban_ge % 

-40.00 

Chan2:e % 

40.00 

!3 
VOLSUM.WK4 



Client: 
Project: 

Material: 

---~ 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

VOLATILES 

Job Number: 
Date: 
Tested By: 
Checked By: 

0.25 ~-----------------------------l 

0,2 ·-

§: 0.15 

~ 1~' ~ 0.1 
> 

0.05 

OL_ __________ -L----------~r-----------~-----------0 

0 30 60 90 120 

IMMERSION PERIOD (days) 

m50DegC e23DegC 

J&L TESTING COMPANY, Inc. 9702203-01 

9782180-01 
1-12-98 

D.T./K.T. 
K.U. 

VOLGRF.WK4 



CLIENT, 
PROJECT• 

TEST 

:EX'I'AAC'TABU!S {'4] 

REPUCATE No. 

EX'Il!ACTAlllBS (,P] 

Montgomery Watson 

Gary Works, Indiana 

EPA 9090 Testing Progi'Bill 

60 mil Smooth HDPE 

Baseline 30 ~ Im.menion 

EPA 91190 TESTING 
SUMMARY TEST RESULTS 

EXTRACT ABLES 

230..C 
60 day Immersion ........ . ....., Chanl!e % ·- Change 

0.66 0.66 0.00 0.33 -50.00 

soo..c 
Baseline 30 day Immersion 60 dav Immersion 

·~ .. A~,. Chanl!e % A_,. Cllanl!e 

0.66 0.56 -15.15 0.29 -56.06 

J&L TESTING CO:MPANY, Inc. 97G2203-0l 

90 day Immersion 

% ·-~ Chan2:e % 

0.32 -51.52 

90 dav Immersion 

% A_,. Cban<>e % 

0.19 -71.21 

JOBNo.o 
DATEo 

TESTEDBYo 

CIIECKED BYo 

120 dav Immersion ·-
0.35 

120 dav Immersion 

A_,. 

0.22 

9752180-01 

01·12·98 
D.T.IK.T. 

K.U. 

Chanl!e ~ 

-46.97 

Chanve % 

-"6.67 

EliTSUM.WK4 



Client: 
Project: 

Material: 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HOPE 

0.75 

~· 

~ 
~ 0.5 

B 
0.25 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

EXTRACT ABLES 

Job Number: 
Date: 
Tested By: 
Checked By: 

0 L_----------~----------~~----------L-----------~ 
0 30 60 90 120 

IMMERSION PERIOD (days) 

mSODegC e23DegC 

~ 
J&L TESTING COMPANY, Inc. 97G2203-01 

97S2180-01 
1-12-98 

D.T./K.T. 
K.U. 

EXTGRF.WK4 



CLIENT: 

PRQIECT: 

MATERIALo 

TEST 

lo(QOUUJS (MD) (psij 

MODUU!S (CD) [:po;iJ 

REPUCATE No. 

MODUUJS (MDJ r-1 

MODUUl'S (CD) [-1 

Montgomery Watson 

Gacy Worb, Indiana 

EPA 9090 T est.ing Program 

60 mil Smooth HDPE 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

2 % SECANT MODULUS ASTM D-5323 

Z3 Dee c 
Baseline 30 dav Immersion 60 4!ty Inunenion 

·~ .. ·- Chan~e % A.VCtaf:l' Chanee % 

50993.36 51390.72 0.78 52111.20 2.19 

54172.16 52715.22 -2.69 54304.64 0.26 

50 Dee c 
Baseline 30 day Immersion 60 day Immersion 

........ A-,.go ChanJ!:e % Avc:r:a~ . Change, % 

50993.36 50993.36 o.oo 53311.26 4.55 

54172.16 50993.36 -5.87 53503.48 -1.31 

J&L TESTING COMPANY, Inc. 97G2203-0l 

90 day Immersion 

·~ 
Change 

54844.73 7.55 

60975.61 13.34 

90 day Immersion 

A_,., Chanoe 

56510.73 10.82 

56843.93 5.24 

% 

% 

JOBNo.o 

DATEo 

TESTEDBYo 

CHECKEDBYo 

120 day Immenion 

Aw,... 

51446.09 

53645.29 

120 day Immersion ._, 
48379.05 

52379.05 

978218().{)1 

01-12-98 

D.T./K.T. 

K.U. 

Ch=c % 

0.89 

-1.03 

Cbanee % 

-5.13 

-3.52 

/1 
MODSUM.WK4 



Client: 
Project: 

Material: 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

~ 
6 • 

60 

6 1 50 "" , ::> _g 
... ,_. 

§ 
:E 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

2 % SECANT MODULUS ASTM D-5323 

MACHINE DIRECTION 

Job Number: 
Date: 
Tested By: 
Checked By: 

40 L_ ____________ L_ ____________ L_ ____________ L_ __________ __J 

0 30 60 90 120 

IMMERSION PERIOD (days) 

111SODegC e23DegC 

'-· 
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K.U. 
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Client: 
Project: 

Material: 

~ \ 

t__ 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 

~ 
6 • 
~q 
"' , 
5 ~ ::> 

~ 

J&L TESTING COMPANY, Inc. 

EPA 9090 TESTING 
SUMMARY TEST RESULTS 

2 % SECANT MODULUS ASTM D-5323 

CROSS DIRECTION 

Job Number: 
Date: 
Tested By: 
Checked By: 

65 .----------------------------------------------------------. 

45 L_ __________ _i ____________ J_ __________ ~L-----------~ 

0 30 60 90 120 

IMMERSION PERIOD (dnys) 

111SODegC e23DegC 
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K.U. 

MODCGR.WK4 









NOMINAL TIDCKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

THICKNESS fmils] 
SPECIMEN 

No. 1 2 3 
' A I 59.0 60.0 60.0 I ' I 
I B 61.0 I 61.0 65.0 I 

c I 60.5 60.5 60.0 

! D I 60.5 I 60.5 60.0 

I E I 60.5 I 61.0 61.7 

I F 61.5 I 61.5 I 60.5 
G I 60.5 60.5 59.5 

I H I 60.5 I 60.5 59.5 I 

I I 60.5 60.0 61.0 

I J I 60.0 60.0 60.5 

I K 61.0 61.0 61.0 

i L 60.0 59.0 60.0 

I M 59.0 I . 59.0 60.0 I 
N 60.7 60.5 61.0 

I 0 60.0 I 59.9 60.0 I 
I p 61.0 I 60.8 I 60.8 I I 

I Q I 61.5 I 61.3 I 60.5 
' 
' R I 61.5 I 61.5 I 61.3 I I 

I s I 60.7 I 60.7 61.5 
i T I 60.0 I 60.5 61.8 I I 

I u 60.0 I 60.0 I 61.0 I 
v 59.5 I 60.5 60.5 

i w I 61.0 60.0 61.0 
I X 60.0 60.8 60.8 I I 

! 
I /AVERAGE 60.43 60.46 60.79 ' 

J&L TESTING COMPANY, INC 

4 

59.0 
61.3 
60.0 
60.0 
61.7 
60.5 
59.5 
60.0 
60.5 
60.5 
60.5 
59.5 
59.9 
61.0 
60.5 
61.0 
60.4 
61.0 
61.8 
61.5 
60.5 
60.0 
61.5 
60.4 

60.52 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

60.0 59.6 
61.3 61.9 
60.0 60.2 
60.0 60.2 
61.7 61.3 
61.3 61.1 
59.5 59.9 
59.5 60.0 
60.5 60.5 
60.5 60.3 
60.5 I 60.8 
58.7 59.4 
59.3 59.4 

I 61.0 I 60.8 
60.0 60.1 

I 61.0 60.9 
61.0 I 60.9 
60.5 61.2 
61.8 61.3 
61.5 61.1 
60.5 60.4 
60.5 60.2 
61.0 60.9 
60.5 60.5 

60.50 60.54 

MWOOOTH.WK4 



CLIENT: 
PROJECT: 

MATERIAL: 

PARAMETER 

DEPTH 
DENSITY 

Montgomery Watson 
Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 
60 mil Smooth HDPE 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 33.6 
2 0.9494 23.2 
3* I 0.9560 16.2 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

1 2 3 4 

20 I 19.6 I 19 17 
I 

0.9515 0.9520 0.9529 0.9557 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

~orr. Dej)t:b 
33.98 
21.84 
17.18 

5 AVERAGE 

17.4 I 18.60 
0.9552 0.9535 

~ 
MWOOODN.WK4 



(AJ 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

MASS PER UNIT AREA 
ASTM D-5261 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

REPLICATE No. 

PARAMETER UNITS 
1 2 3 4 

Area ~em. 100.00 100.00 100.00 100.00 
-

Weight --- -~- 14.4821 14.6665 14.4366 14.6567 

Mass per Unit Area lb/sq. ft. 0.297 0.300 0.296 0.300 

J&L TESTING COMPANY, INC 

JOil No.: 97S2180-01 
DATE: 10-15-97 

TESTED IlY: D.T./K.T. 
CUECKEDilY: K.U. 

AVERAGE STANDARD 
5 DEVIATION 

100.00 100.00 0.0000 

14.6783 14.5840 0.1030 

0.301 0.299 .. -'-- 0.0021 

MWOOOMU.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

EXTRACTABLESCONTENT 
MTM-2 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
BASELINE TESTING 

Initial Wt. 

After Extraction 

%Extractables 

2.3132 grams 

2.2980 grams 

0.66 

Reference : EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

MWOOOEX.WK4 



cLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 

POINT No. 

REPLICATE 

I No. 1 2 3 

1 60.0 I 61.0 60.0 
2 61.0 61.0 61.0 
3 61.0 61.0 60.5 
4 60.5 61.0 61.0 
5 61.0 60.5 60.0 

J&L TESTING COMPANY, INC 

4 

60.0 
60.0 
61.0 
60.5 
59.5 

JOB No.: 9752180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

60.5 60.3 
59.0 60.4 
60.5 60.8 
60.5 60.7 
60.5 60.3 

MWOOOHD.WK4 



CLIENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

2 % SECANT MODULUS 
ASTMD-5323 

MATERIAL: 

EPA 9090 Testing Program (Baseline) 
60 mil Smooth HOPE 

--
REPLICATE No. 

PARAMETER UNITS 
1 2 3 4 

2% Secant Modulus (MD) ~si 54,304.60 47,682.10 47,682.10 52,317.90 

2% Secant Modulus (CDL psi 52,980.10 52,980.10 52,980.10 57,615.90 

~ 
J&L TESTING COMPANY, INC 

JOB No.: 

DATE: 
TESTED BY: 

CHECKED BY: 

AVERAGE 
5 

52,980.10 50,993.36 

54,304.60 54.172.16 

97S2180-01 
10-15-97 

D.T./K.T. 
K.U. 

STANDARD 
DEVIATION 

2778.30 

. 1796.66 

MWOOOMOD.WK4 



NOTCHED CONSTANT TENSILE LOAD 
ASTJ.\1 D-5397 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: BASELINE TESTING 

Average Stress at Yield (lb/in) = 175.73 

Applied Stress (lb/in) = 52.72 

Sample thickness (mil) = 60.5 

Notch depth (mil) = 12.1 

Minimum required time period = 200 hrs 

Results : No failures 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K. U. 

? 
MWOOONC.WK4 



~ 

CLIENT: Montgomery Watson 

l'ROJECT: Gary Works, Indiana 
EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 

·----

PARAMETER UNITS 
I 2 

ll1ickness mils . 59.86 59.98 

Puncture Resistance lb 131.66 131.52 

-
Puncture Resistance lb/in 2J99.47_ 2192.73 
--- ··-

J&L TESTING COMPANY, INC 

PUNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

3 4 5 6 7 

60.38 60.18 60.06 59.30 59.QO 

132.22 135.60 133.37 128.95 127.10 

2189.80 ,1253.24 2220.61 2174.54 2154.24 
-- ------ ---- -- - --

JOB No.: 97S2180.01 
DATE: 10-15-97 

TESfED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 

8 9 10 DEVIATION 

59.00 60.00 59.50 59.48 0.43 

130.40 134.30 132.10 131.04 2.50 

2210.17 2238.33 2220.17 2203.01 29.13 

MWOOOPR.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

TENSILE PROPERTIES 
ASTM D-638 

EPA 9090 Testing Program (Baseline) 
MATERIAL: 60 mil Smooth HDPE 

--
REPLICATE No. 

PARAMETER UNITS 
1 2 3 4 

·-

Yield Strength (MD) lb/in 180.65 135.08 176.21 172.18 

Elongation at Yield (MD) % 20.00 15.38 26.92 24.62 

Break Strength (MD) lb/in 266.53 226.61 277.42 266.13 

Elongation at Break (MD % 750.95 768.31 788.95 767.17 
-

Yield Strength (CD) lb/in 174.19 176.21 175.40 178.23 

Elongation at Yield {CD) % 17.69 24.62 21.54 22.31 

Break Strength (CD) lb/in 258.87 285.08 250.00 274.60 

Elongation at Break (CD) % 799.77 880.68 765.50 833.58 

~J&LTESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D. T./K.T. 
CIIECKED BY: K. U. 

AVERAGE STANDARD 
5 DEVIATION 

121.77 157.18 23.9984 

16.15 20.62 4.5482 

282.66 263.87 19.6824 

810.40 777.15 20.5386 

174.60 175.73 1.4290 

22.31 21.69 2.2506 

250.40 263.79 13.8827 

777.15 811.34 41.7298 

MWOOOTP.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

TEAR RESISTANCE 
ASTM D-1004 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HOPE 

REPLICATE No. 

PARAMETER UNITS 
1 2 3 4 

.. -

Thickness (MD) mils 60.00 61.38 61.35 61.18 

Tear Resistance (MD) lb 56.40 53.42 55.20 54.30 

Tear Resistance (MD) lb/in 940.00 870.39 899.76 887.62 

Thickness (CD) mils 60.17 60.73 60.80 61.00 

Tear Resistance (CD) lb 55.00 54.20 55.35 51.57 

T~r Resistanc~ (CD) __ ~/in 914.13 892.43 910.36 845.41 

~ 
\::::; J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CIIECKEDBY: K.U. 

! 

AVERAGE STANDARD 
5 DEVIATION 

60.50 60.88 0.5425 

54.60 54.78 0.9913 

902.48 900.05 22.9628 

60.50 60.64 0.2855 

53.15 53.85 1.3699 

878.51 888.17 24.9242 

MWOOOTR. WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
BASELINE TESTING 

REPLICATE No. 

UNITS 1 2 3 

% 0.13 0.08 0.10 

JOB No.: 9752180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. 

0.10 

Reference: EPA/690/2-8.8/052, Appendix G 

J&LTESTING COMPANY, INC MWOOOVO.WK4 









NOMINAL TIDCKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

THICKNESS [mils] 

SPECIMEN 
No. 1 2 3 . 

A (Initial}_ 59.0 60.0 60.0 
A (Final) 59.0 60.0 59.0 

B (Initial) 61.0 61.0 65.0 

B (Final) 61.0 62.0 61.0 
I 

C (Initial) 60.5 I 60.5 60.0 I 
c (Final) 61.0 I 61.0 60.0 I 

J&L TESTING COMPANY, INC 

4 

59.0 
61.0 

61.3 
62.0 

60.0 
61.0 

5 
60.0 
61.0 

61.3 
62.0 

60.0 
61.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

59.6 
60.0 0.67 

61.9 
61.6 -0.52 

60.2 
60.8 1.00 

MW2330TH.WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

A (Initial) 100.0 
A (Final) 99.9 

B (Initial) 100.0 

B (Final) 100.0 

C (Initial) 100.0 

C (Final) 99.9 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

99.5 
99.5 

99.5 
99.5 

99.5 
99.5 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

Percent 
Change 

-0.50 
-0.40 

-0.50 
-0.50 

-0.50 
-0.40 

MW3023DM.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson JOB No.: 97S2180-0l 

PROJECf: Gary Works, Indiana DAlE: 10-15-97 

EPA 9090 Testing Program TESTED BY: D.T./K.T. 

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U. 

SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

SPECIMEN Initial Mass Final Mass Percent 

No. (oz/sy) (oz/sy) Change 

A 42.1 42.1 0.01 

I 
B 43.1 43.1 0.04 

c 42.4 42.5 I 0.02 

J&L TESTING COMPANY, INC MW3023UW.WK4 



I 
I 
I 

CI.JENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Dei>_th 
1* 0.9322 37.8 
2 0.9494 26.7 
3* 0.9560 20.0 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) . 

PARAMETER 1 2 3 4 

DEPTH I 24.0 24.0 21.2 21.2 

DENSITY 0.9518 0.9518 0.9557 0.9557 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-0l 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

rorr.D~ 

33.98 
21.84 
17.18 

5 AVERAGE 

20.8 22.2 

I 0.9563 0.9543 

M3023DN. WK4 



EXTRACTABLESCONTENT 
M'I'l\1-2 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

% Extractables 

2. 7090 grams 

2.6912 grams 

0.66 

Reference : EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

MW3023EX.WK4 



I 

CLIEI'o"'T: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

POINT No. 

REPLICATE 
No. 1 2 3 

1 58.0 60.0 60.0 
2 59.0 61.0 58.0 

3 57.0 60.0 57.0 

4 59.0 58.0 59.0 

5 59.0 58.0 59.0 

J&L TESTING COMPANY, INC 

4 

62.0 
61.0 
59.0 
57.0 
57.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CBECKEDBY: K.U. 

AVG. 
5 

57.0 59.4 
58.0 59.4 
57.0 58.0 
59.0 58.4 
60.0 58.6 

~3023HD.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATEIUAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 

. 2% Secant Modulus {MD) psi 51,655.60 

2% Secant Modulus (CD) psi 55,629.10 

~ J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD-5323 

REPLICATE No. 

2 3 4 

49,006.60 51,655.60 52,317.90 

54,966.90 46,357.60 56,291.40 

JOB No.: 97S2180-0l 
DATE: 10-15-97 

TESTED BY: D.T.IK.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 

s DEVIATION 

52,317.90 51,390.72 1228.31 

50,331.12 52,715.22 3806.65 

MW3023MD.WK4 



NOTCHED CONSTANT TENSILE LOAD 
ASTMD-5397 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 30 Day, 23 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 165.48 

Applied Stress (lb/in) = · 49.64 

Sample thickness (mil) = 60.7 

Notch depth (mil) = 12. 1 

Minimum required time period = 200 hrs 

Results : No failures 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

MW3023NC.WK4 



~ 

CLIENT: Montgomery Watson 
I'ROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMI'LE: 30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 2 

Tltickness mils 60.50 61.00 
. 

Puncture Resistance lb 134.49 134.39 

Puncture Resistance lb/in 2222.98 2203.11 

J&L TESTING COMPANY, INC 

3 

61.00 

133.44 

2187.54 

PUNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

4 5 6 

60.50 60.50 61.80 

7 

60.20 

134.96 133.49 136.09 134.41 

~230.74 2206.41_ ~.lQ_~2.72 

8 

61.00 

131.16 

2150.16 

JOB No.: 97S2180.0 I 
DATE: I0-15-97 

TESTED BY: D.T./K.T. 
CIIECKEDBY: K.U. 

AVERAGE STANDARD 

9 10 DEVIATION 

61.50 61.00 61.00 0.54 

133.66 134.61 133.90 1.49 

2173.33 2206.72 2195.25 26.52 

MW302JPR.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

-

PARAMETER UNITS 
1 

Yield Strength {MD) lb/in 168.43 

Elongation at Yield (MD) % 19.23 

Break Strength (MD) lb/in 306.33 

Elongation at Break (MD % 883.83 

Yield Strength (CD) lb/in 166.01 

Elongation at Yield (CD) % 19.23 

Break Strength (CD) lb/ in 302.50 

Elongation at Break (CD) % 923.90 

~ 
~ J&L '"",.,<;TING C'OMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

152.62 155.24 148.67 

18.46 20.00 20.00 

302.70 316.94 282.14 

884.38 933.48 839.78 

162.90 164.40 169.76 

19.23 18.46 19.23 

272.66 299.60 311.57 

848.96 928.02 943.07 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD ' 

5 DEVIATION 

' 

156.33 156.26 6.6325 

18.46 19.23 0.6880 

310.16 303.65 11.7456 

903.07 888.91 30.4845 

164.31 165.48 2.3561 

18.46 18.92 0.3768 

291.61 295.59 13.1209 ' 

895.21 907.83 33.2636 I 

MW3023TP. WK4 



----..._ 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 

Thickness (MD) mils 60.50 

Tear Resistance {MD) lb 53.17 

Tear Resistance (MD) lb/in 878.84 

Thickness _{_CD) mils · 60.00 

Tear Resistance (CD) lb 53.25 

Tear Resistance (CD) lb/in 887.50 

--....._, J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

60.00 60.00 60.50 

54.42 52.90 55.42 

907.00 881.67 916.03 

. 60.50 60.00 61.00 

54.10 54.40 57.15 

894.21 906.67 936.89 
- ---- -------- -------------

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T.!K.T. 
CHECKED BY: K. U. 

AVERAGE STANDARD 

5 DEVIATION 

60.00 60.20 0.2449 

57.40 54.66 1.6408 

956.67 908.04 28.2048 

60.50 60.40 0.3742 

55.32 54.84 1.3293 

914.38 907.93 17.2458 

MW3023TR. WK4 



TOTAL VOLATILES 
MTM-1 

ci.JENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 23 DEGREE CELSIUS 

REPLICATE No. 

TEST UNITS 1 2 

VOLATILES % 0.10 0.13 

3 

0.08 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CBECKEDBY: K.U. 

AVG. 

0.10 

Reference: EPA/600/2-88/052, Appendix G 

/J.-cttd 
J&L TESTING COMPANY, INC MW3023VO.WK4 







i 
I 
I 
I 
I 

! 

NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

THICKNESS fmilsl 

SPECIMEN 
I No. 1 2 3 ' 

M (Initial) 59.0 I 59.0 60.0 I 
M (Final) 60.0 I 60.0 60.0 

I 
N (Initial) 60.7 60.5 61.0 

N (Bnal) I 61.0 I 61.5 61.5 
I 

0 (Initial) I 60.0 59.9 60.0 I 
0 (Final) 60.0 61.0 60.0 

4 

59.9 
59.5 

61.0 
61.0 

60.5 
60.0 

J&L TESTING COMPANY, INC 

5 

59.3 
60.0 

I 61.0 
61.5 

60.0 
61.0 

JOB No.: 97S218(}.()1 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

59.4 
59.9 0.77 

60.8 
61.3 0.76 

60.1 
60.4 0.53 

MW2350TH. WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

M (Initial) 100.0 
M (Einal) . 100.0 

N (Initial) 100.0 
N (Final) 100.0 

0 (Ipitial)_ 100.0 

0 (Final) 100.0 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

99.5 
100.0 

99.5 
99.5 

100.0 
100.0 

JOB No.: 97S2180-01 
DAlE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-0.50 
0.00 

-0.50 
-0.50 

0.00 
0.00 

MW2350DM.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

SPECIMEN 
No. 

M 

N 

0 

WEIGHT CHANGE 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
30 DAY, 50 DEGREE CELSIUS 

Initial Mass 
(oz/sy) 

42.2 

43.0 

42.3 

Final Mass 
(oz/sy) 

42.2 

43.1 

42.6 

J&L TESTING COMPANY, INC 

JOB No.: 

DATE: 

TESTED BY: 

CHECKED BY: 

I 

I 

97S2180-0l 
10-15-97 

D.T./K.T. 
K.U. 

Percent 
Change 

0.07 

0.07 

0.72 

3 

MW3050UW.WK4 



i 
I 

I 
' 

cLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 37.8 
2 0.9494 26.7 
3* 0.9560 20.0 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 I 3 4 

I 
DEPTH I 24.5 I 22.5 I 23.0 20.2 

DENSITY I 0.9510 0.9539 I 0.9532 0.9571 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

rorr. DepJh 
33.98 
21.84 
17.18 

5 AVERAGE 

21.2 22.3 
0.9557 0.9542 . 

M3050DN.WK4 



EXTRACTABLESCONTENT 
MfM-2 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE · 

SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

% Extractables 

2.5435 grams 

2.5292 grams 

0.56 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K.U. 

Reference : EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC MW3050EX. WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

POINT No. 

REPLICATE 
No. 1 2 3 

1 61.0 58.0 I 61.0 
2 62.0 58.0 61.0 

3 I 61.0 I 57.0 .58.0 

4 58.0 61.0 58.0 

5 59.0 61.0 58.0 

J&L TESTING COMPANY, INC 

4 
58.0 
59.0 
59.0 
61.0 
62.0 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

62.0 60.0 
60.0 60.0 
59.0 58.8 
58.0 59.2 
57.0 59.4 

MW3050HD.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 30 DAY, SO DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus (MD) ~ 51,655.60 

2% Secant Modulus (CD) psi 49,006.60 

~ 

J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD-5323 

REPLICATE No. 

2 3 4 

51,655.60 52,980.10 51,655.60 

51,655.60 50,993.40 50,331.10 

5 

47,019.90 

52,980.10 

JOB No.: 97S2180-0l 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 

CllECKED BY: K.U. 

AVERAGE STANDARD 
DEVIATION 

50,993.36 2051.89 

50,993.36 1324.50 

MW3050MD.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

NOTCHED CONSTANT TENSILE LOAD 
ASTMD-5397 

Montgomery Watson JOB No.: 

Gary Works, Indiana DATE: 

EPA 9090 Testing Program TESTED BY: 

60 mil Smooth HDPE CHECKED BY: 

30 Day, 50 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 161.2 

Applied Stress (lb/in) = 48.36 

Sample thickness (mil) = 60.3 

Notch depth (mil) = ' 12.1 

Minimum required time period = 200 hrs 

Results : No failures 

97S2180..(}1 
10-15-97 

D.T./K.T. 
K.U. 

J&L TESTING COMPANY, INC MW3050NC.WK4 



CLIENT: 

l'llOJEC'I': 

MATERIAL: 

Montgomery Watson 
Gary Works, Indiana 

EPA 9090 Testing Program 
60 mil Smooth HOPE 

SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

---- --··--

PARAMETER UNITS 
1 2 

Thickness mils 6!.00 60.50 

Puncture Resistance lb 136.50 136.43 

Puncture Resistance lb/in. 2237.70 2255.04 

~ 

l&L TESTING COMPANY, INC 

3 

6!.00 

136.23 

2233.28 

PUNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

4 5 6 7 

6!.00 60.50 6!.20 6!.50 

136.35 137.35 139.40 138.65 

2235.25 2270.25 2277.78 2254.47 

8 

60.00 

134.53 

2242.17 

9 10 

60.00 60.00 

136.70 136.23 

2278.33 2270.50 

JOB No.: 
DATE: 

TESTED BY: 

CHECKED BY: 

AVERAGE 

60.53 

137.14 

2265.58 

9752180.01 
10-15-97 

D.T.!K.T. 
K.U. 

STANDARD 
DEVIATION 

0.61 

1.60 

13.10 

MW30SOPR.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMI'LE: 30 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Yield Strength (MD) lb/in 165.12 

Elongation at Yield (MDi % 18.46 

Break Strength (MD) lb/in 299.40 

Elongation at Break (MD % 868.94 

Yield Strength (CD) lb/in 156.85 

Elongation at Yield (CD) % 19.23 

Break Strength (CD) lb/in 313.71 

Elongation at Break (CD) % 966.58 

~ 
J&L 'l'TlSTJNG COMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

154.11 162.50 162.10 

20.77 19.23 20.00 

320.56 304.72 326.69 

924.96 876.42 931.51 

159.35 164.52 161.49 

20.00 20.00 18.46 

315.00 305.65 297.18 

966.18 950.92 927.98 

JOB No.: 97S2180:01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

166.61 162.09 4.3231 

20.00 19.69 0.7845 

318.35 313.94 10.2231 

918.09 903.98 26.0181 

163.79 161.20 2.8311 

20.00 19.54 0.6154 

305.93 307.49 6.4386 

952.50 952.83 14.0609 

MW3050TP.WK4 



~ 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 30 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD) mils 60.00 

Tear Resistance (MD) lb 56.67 

Tear Resistance (MD) lb/in 944.50 

Thickness (CD)_ mils 59.50 

Tear Resistance (CD) lb 55.20 

Tear Resistance (CD) lb/in 927.73 

J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

60.00 59.00 60.00 

56.47 55.37 56.80 

941.17 938.47 946.67 

60.50 60.50 61.00 

53.97 51.77 53.47 

892.07 855.70 876.56 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 

CHECKED IIY: K. U. 

AVERAGE STANDARD 

5 DEVIATION 

60.50 59.90 0.4899 

55.70 56.20 0.5644 

920.66 938.29 9.2501 

60.50 60.40 0.4899 

54.25 53.73 Ll312 

896.69 889.75 23.7884 
- -----·· ~ 

MW3050TR. WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 

60 mil Smooth HDPE 
30 DAY, 50 DEGREE CELSIUS 

REPLICATE No. 

UNITS 1 2 3 

% 0.12 0.14 0.12 

JOB No.: 97S2180-01 
DATE: 10-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. 

0.13 

Reference: EPA/600/2-88/052, Appendix G 

)J-e/}J 

J&LTESTING COMPANY, INC MW3050VO. WK4 







I 

I 
I 

I 

NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

THICKNESS [mils] 

SPECIMEN 

I No. 1 2 3 

D (Initial) 60.5 60.5 I 60.0 

D (Final) 60.5 60.5 60.0 

I I I 
E (Initial) 60.5 I 61.0 61.7 

E (Final) I 60.5 61.5 61.5 

I I I 
F (Initial) 61.5 61.5 60.5 

F (Final) I 61.5 61.0 60.5 

J&L TESTING COMPANY, INC 

4 

60.0 
60.0 

61.7 
61.0 

60.5 
61.0 

5 
60.0 
60.0 

61.0 
61.0 

61.3 
61.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

60.2 
60.2 0.00 

61.2 
61.1 -0.13 

61.1 
61.0 -0.10 

loF/J 
MW2360TH. WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 
PROJECf: Gary Works, Indiana 

EPA 9090 Testing Program 

MATIJUAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

D (Initial) 99.9 
D JFinal)_ 100.0 

E (Initial) 99.9 
E (Final) 100.0 

F (Initial) 100.0 
F (Final) 100.0 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

99.9 
100.0 

100.0 
100.0 

100.0 
100.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CBECKEDBY: K.U. 

Percent 
Change 

0.00 
0.00 

0.10 
0.00 

0.00 
0.00 

MW6023DM.WK4 



WEIGHT CHANGE 

' I 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

SPECIMEN Initial Mass 
No. (oz/sy) 

D 42.2 

E 43.0 

F 43.0 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.2 

43.0 

43.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-0.00 

-0.00 

I 0.00 

3 
MW6023~.vrK4 



I 

I 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 35.2 
2 0.9494 26.5 
3* 0.9560 19.0 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 
I 

3 4 

DEPTH I 20.5 I 20.5 I 21.0 19.8 

DENSITY 0.9530 I 0.9530 I 0.9523 0.9540 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K. U. 

Corr. Depth 
33.98 
21.84 
17.18 

5 AVERAGE 

I 19.8 20.3 

I 0.9540 I 
0.9533 

M6023DN.WK4 



EXTRACTABLESCONTENT 
MTM-2 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 n:iil Smooth HDPE 

SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

%Extractables 

2.4916 grams 

2.4834 grams 

0.33 

Reference : EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2!80-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 

CHECKED BY: K.U. 

MW6023EX.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

POINT No. 

REPLICATE I 
No. 1 2 I 3 

1 60.0 58.0 57.0 

2 I 60.0 I 59.0 57.0 

3 57.0 58.0 60.0 

4 58.0 57.0 57.0 

5 I 57.0 56.0 56.0 

J&L TESTING COMPANY, INC 

4 

59.0 
58.0 
61.0 
58.0 
58.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

58.0 58.4 
58.0 58.4 
61.0 59.4 
60.0 58.0 
58.0 57.0 

MW6023HD.WK4 



CLIENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 

EPA 9090 Testing Program 

60 mil Smooth HDPE 

SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

,--~ 
~--

PARAMETER UNITS 
1 

2% Secant Modulus_(MD) QSi 50,622.25 

2% Secant Modulus (CD) psi 51,655.60 

~ 
J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD-5323 

REPLICATE No. 

2 3 4 

54,966.89 46,357.60 52,980.10 

54,966.90 54,966.90 54,966.90 

5 

55,629.14 

54,966.90 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED llY: D.T./K.T. 

CHECKEDilY: K.U. 

AVERAGE STANDARD 
DEVIATION 

52,111.20 3364.72 

54,304.64 1324.52 

MW6023MD.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

NOTCHED CONSTANT TENSILE LOAD 
AS1MD-5397 

Montgomery Watson JOB No.: 

Gary Works, Indiana DATE: 

EPA 9090 Testing Program TESTED BY: 

60 mil Smooth HDPE CHECKED BY: 

60 Day, 23 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 161. 86 

Applied Stress (lb/in) = 48.56 

Sample thickness (mil) = 60.8 

Notch depth (mil) = 12.2 

Minimum required time period = 200 hrs 

Results : No failures 

97S2180-01 
11-15-97 

D.T./K.T. 
K.U. 

J&L TESTING COMPANY, INC MW6023NC.WK4 . 



CLlENf: Montgomery Watson 

I'ROJEC'I': Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

-

Thickness mils 62.00 

Puncture Resistance lb 135. 15 

2 

61.00 

134.50 

3 

61.00 

132.95 

l'UNCTURE RESISTANCE 

ASTM D-4833 

REPLICATE No. 

4 5 6 

60.00 61.00 60.50 

134.70 134.47 135.62 

7 

61.00 

135.17 

Puncture Resistance lb/in 2179.84 22Q_4.91_ 2_l79.5_l_,n45.00_ 2204~ 2241.65 ~15.90 

~ 
J&L TESTING COMPANY, INC 

JOB No.: 97S2180.01 
DATE: ll-15-97 

TESTED Bll: D.T./K.T. 

CHECKED Bll: K. U. 

AVERAGE STANDARD 

8 9 10 DEVIATION 

61.50 61.00 62.00 61.17 0.47 

137.50 129.90 131.75 134.o7 2.53 

2235.77 2129.51 2125.00 2192.04 47.44 

MW6023PR.WK4 



~· 

I 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 

Yield Strength (MD) lb/in 161.69 

Elongation at Yield (MDl % 20.00 

Break Strength (MD) lb/in 286.90 

Elongation at Break (MD % 831.77 

Yield Strength (CD) lb/in 159.56 

Elongation at Yield (CD) % 18.46 

Break Strength (CD) lb/in 293.02 

Elongation at Break (CD) % 913.98 

J&L TBSTING COMPANY, INC 

TENSILE PROPERTIES 
ASTM D-638 

REPLICATE No. 

2 3 4 

149.88 162.50 160.08 

20.00 19.23 20.00 

298.27 300.81 291.81 

864.46 873.99 846.80 

163.79 162.50 159.96 

19.23 19.23 18.46 

294.76 296.65 267.94 

915.09 913.04 850.51 

JOB No.: 97S2180-0 1 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

159.07 158.65 4.5440 I 

I 

19.23 19.69 0.3768 

273.59 290.27 9.6643 

809.93 845.39 22.9210 

163.51 161.86 1.7759 

18.46 18.77 0.3768 

273.87 285.25 11.9153 

861.32 890.79 28.6861 
-

MW6023TP.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 60 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness _(MDJ mils 60.50 

Tear Resistance (MD) lb 56.00 

Tear Resistance (MD) lb/in 925.62 

Thickness (CD) mils 60.00 

Tear Resistance (CD) lb 55.60 

Tear R~sistaJ]ce (CD)_ lb/in _926.6L 

:-.. 
---....::J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTM D-1004 

REPLICATE No. 

2 3 4 

61.50 60.50 61.50 

54.30 56.50 55.50 

882.93 933.88 902.44 

61.50 60.50 61.00 

55.60 55.20 56.20 

904.07 912.40 _221.31_ 
-----··- ·---·-

JOB No.: 97S2l80-0 1 
DATE: 11-15-97 

TESTED BY: D. T./K. T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

61.50 61.10 0.4899 

56.80 55.82 0.8795 

923.58 913.69 18.5518 

61.00 60.80 0.5099 

56.30 55.78 0.4118 

922.95 917.48 8.1830 

MW6023TR. WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
60 DAY, 23 DEGREE CELSIUS 

REPLICATE No. 

UNITS 1 2 3 

% 0.05 0.05 0.04 

JOB No.: 97S2180-0l 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. 

0.05 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW6023VO.WK4 







NOMINAL TillCKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

THICKNESS [mils] 

SPECIMEN 
No. 1 2 3 

P Gnitial) 61.0 60.8 60.8 

P (Fmal) 61.0 61.0 I 61.0 

Q_flnitial) 61.5 61.3 60.5 

Q_(Final) 61.5 60.5 I 60.0 

R Gnitial) 61.5 61.5 61.3 

R (Final) 60.5 61.0 I 61.5 

4 

61.0 
61.0 

60.4 
60.5 

61.0 
61.5 

5 

61.0 
61.0 

61.0 
61.0 

60.5 
61.0 

Au~'«.,"'- (, ""' \ 
J 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

60.9 
61.0 0.13 

60.9 
60.7 -0.39 

61.2 
61.1 -0.10 

MW5060TH.WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

p (Initial) 100.0 

P.CBnal)_ 100.0 

Q (Initial) 100.0 

Q (Final) I 100.0 

R (Initial) 100.0 

R(Fjnal)· 100.0 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 

CHECKEDBY: K.U. 

Percent 
Change 

0.00 
0.00 

0.00 
1 0.00 

0.00 
I 0.00 

MW60SODM.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson JOB No.: 97S2180-01 

PROJECf: Gary Works, Indiana DATE: 11-15-97 

EPA 9090 Testing Program TESTED BY: D.T./K.T. 

MATERIAL: 60 mil Smooth HDPE CHECKED BY: K.U. 

SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

SPECIMEN Initial Mass Final Mass Percent 

No. (oz/sy) (oz/sy) Change 

p 43.0 42.2 -1.86 

Q I 43.1 43.1 I 0.01 
. 

R I 43.3 43.3 I 0.02 

J&L TESTING COMPANY, INC MW6050UW.WK4 



CUENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, 1!./c De}Jth 
1* 0.9322 35.2 
2 0.9494 26.5 
3* 0.9560 19.0 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH I 19.5 I 19.5 20.0 19.6 

DENSITY 0.9544 0.9544 0.9537 0.9543 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CBECKEDBY: K.U. 

t<=_orr. Depth 
33.98 
21.84 
17.18 

5 AVERAGE 

19.8 19.7 
0.9540 0.9542 

M6050DN. WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

EXTRACTABLESCONTENT 
MTM-2 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
60 DAY, 50 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

%Extractables 

2.4882 grams 

2.4810 grams 

0.29 

Reference : EP A/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180.{) 1 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

MW6050EX.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

POINT No. 

REPLICATE 
No. 1 2 3 

1 56.0 58.0 58.0 

2 55.0 57.0 56.0 
3 60.0 59.0 60.0 
4 57.0 57.0 58.0 

5 57.0 56.0 58.0 

J&L TESTING COMPANY, INC 

4 

58.0 
57.0 
60.0 
59.0 
57.0 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

57.0 57.4 
57.0 56.4 
59.0 59.6 
58.0 57.8 
56.0 56.8 

MW6050HD. WK4 



CLtENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 
EPA 9090 Testing Program 
60 mil Smooth HOPE 

SMIPLE: 60 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus (MD) psi 53 642.40 

2% Secant Modulus (CD) p_si 53,973.50 

~ 

J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD~5323 

REPLICATE No. 

2 3 4 

51 655.60 54 304.60 51 986.80 

56 921.40 51,655.60 52,649.00 

5 

54,966.90 

52 317.90 

JOB No.: 97S2180--0l 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K. U. 

AVERAGE . STANDARD 
DEVIATION 

53,311.26 1290.96 

53,503.48 1868.34 

MW6050MD.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

NOTCHED CONSTANT TENSILE LOAD 
ASlMD-5397 

Montgomery Watson JOB No.: 

Gary Works, Indiana DATE: 

EPA 9090 Testing Program TESTED BY: 

60 mil Smooth HDPE CHECKED BY: 

60 Day, 50 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 156.5 

Applied Stress (lb/in) = 46.95 

Sample thickness (mil) = 61.0 

Notch depth (mil) = 12.2 

Minimum required time period = 200 hrs 

Results : No failures 

97S2180-D1 
11-15-97 

D.T./K.T. 
K.U. 

J&L TESTING COMPANY, INC MW6050NC.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

---------- -------

PARAMETER UNITS 
I 2 

Thickness mils 61.50 62.00 
----

PUllcture Resistrutce lh 140.65 140.25 

Punchue Resistance lblin 2286.99 2262.10 
-

---.S:::J 
J&L TESTING COMPANY, INC 

3 

60.00 

138.45 

PUNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

4 5 6 

61.50 60.00 60.50 

135.62 139.62 138.00 

7 

60.50 

137.85 

2307.50 2205.20 2327.00 2280.99 2278.51 

JOB No.: 97S2180-0 I 
DATE: 11-15-97 

TESTED BY: D.T.IK.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 

8 9 10 DEVIATION 

62.00 62.00 62.00 61.17 0.85 

138.90 139.57 138.47 138.74 0.70 

2240.32 2251.13 2233.39 2268.56 31.64 

MW6050PR.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

- --~---

PARAMETER UNITS 
l 

Yield Strength (MDJ lb/in 167.22 

Elongation at Yield (MD\ % 18.46 

Break Strength (MD) lb/in 307.06 

Elongation at Break (MD % 889.81 

Yield Strength (CDJ lb/in 154.84 

Elongation at Yield (CD) % 19.23 

Break Strength (CDL_ lb/in 266.81 

J!longation at Break (CD) % -838.84 -
-- ----

~ 
J&L ~SSTING COMPANY, INC 

TENSILE PROPERTIES 
ASTM D-638 

REPLICATE No. 

2 3 4 

161.69 152.42 161.09 

19.23 20.00 19.23 

293.75 315.32 288.31 

871.91 896.08 858.00 

148.67 160.97 164.11 

18.46 19.23 20.77 

274.88 327.02 296.85 

L 859,87 _ 989.53 903.36 
------- -- ---

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

164.19 161.32 4.9488 

21.54 19.69 1.0434 

284.27 297.74 11.6806 

829.16 868.99 24.0145 

153.91 156.50 5.4534 

19.23 19.38 0.7537 

304.52 294.02 21.5103 

947.29 907.78 55.3371 
- --- -- -- - --

MW60SOTP.WK4 



~ 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMPLE: 60 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD) mils 61.00 

Tear Resistance {MD) lb 56.50 

Tear Resistance (MD) lb/in 926.23 

Thickness (CD) mils 62.00 

Tear Resistance (CD) 1b 55.30 

T~r Resistance ~DL lb/in L_ 891. 9_4_ -
------. 

J&LTESTJNG COMPANY, INC 

TEAR RESISTANCE 
ASTM D-1004 

REPLICATE No. 

2 3 4 

61.50 61.20 60.50 

57.30 56.70 55.90 

931.71 926.47 923.97 

61.50 60.00 60.00 

56.20 54.20 55.20 

913.82_ 903.33 920.00 
-·-··--- ----

JOB No.: 97S2180-0 1 
DATE: 11-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

AVERAGE STANDARD 

5 DEVIATION 

61.50 61.14 0.3720 

58.30 56.94 0.8139 

947.97 931.27 8.7267 

60.00 60.70 0.8718 

54.30 55.04 0. 7338 

905.00 906.82 9.5890 

MW6050TR.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
60 DAY, 50 DEGREE CELSIUS 

REPLICATE No. 

UNITS 1 2 3 

% 0.06 0.05 0.06 

JOB No.: 97S2180-01 
DATE: 11-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. 

0.05 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW6050VO.WK4 







NOMINAL THICKNESS 
AS1MD-5199 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

THICKNESS fmilsl 

SPECIMEN 
No. 1 2 3 

G (Initial) 60.5 60.5 59.5 

G (Final) 60.0 60.0 59.5 

H (Initial) 60.5 I 60.5 59.5 

H (Final) 60.0 I 60.0 60.5 
I 

I (Initial) 60.5 60.0 61.0 

I (Final) 61.0 60.5 61.0 

J&L TESTING COMPANY, INC 

4 

59.5 
59.5 

60.0 
60.5 

60.5 
60.0 

5 
59.5 
60.0 

59.5 
60.0 

60.5 
60.0 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

59.9 
59.8 -0.17 

60.0 
60.2 0.33 

60.5 
60.5 0.00 

MW9023TH.WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 

PROJECf: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

G (Initial) 100.0 
G (Final) 99.0 

H (Initial) 100.0 
H (Final) 100.0 

I (Initial) 100.0 

I (Final) 99.0 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

100.0 
99.0 

100.0 
99.0 

100.0 
99.5 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-1.00 
-1.00 

I 0.00 
-1.00 

-1.00 
-0.50 

MW9023DM.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

SPECIMEN Initial Mass 

No. (oz/sy) 

G 42.4 

H 42.5 

I 42.8 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.4 

42.6 

42.8 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTEJ:> BY: D.T./K.T. 

CHECKEDBY: K.U. 

Percent 
Change 

O.o7 

I 0.05 

O.Q3 

3 
MW9023UW.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 36.2 
2 0.9494 25.0 
3* 0.9560 16.6 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH 16.4 16.5 I 16.4 16.5 

DENSITY 0.9603 0.9601 I 0.9603 0.9601 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

f[:orr. Depth 
33.98 
21.84 
17.18 

5 AVERAGE 

16.6 16.5 
I 0.9600 0.9601 
I 

M9023DN.WK4 



EXTRACTABLESCONTENT 
MlM-2 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

% Extractables 

4.3986 grams 

4.3847 grams 

0.32 

Reference : EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180.{)1 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

MW9023EX.WK4 



HARDNESS 
ASTMD-2240 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

POINT No. 

REPLICATE 
No. 1 2 3 

1 61.0 60.0 I 60.0 

2 61.0 62.0 61.0 

3 59.0 58.0 62.0 

4 63.0 62.0 61.0 

5 62.0 62.0 58.0 

J&L TESTING COMPANY, INC 

I 

4 

62.0 
59.0 
62.0 
61.0 
60.0 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CBECKEDBY: K.U. 

AVG. 
5 

62.0 61.0 
59.0 60.4 
59.0 60.0 
61.0 61.6 
59.0 60.2 

MW9023HD.WK4 



CLIENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 

EPA 9090 Testing Program 
60 mil Smooth HOPE 

SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

-

2% Secant Modulus (MD) psi 54 644.81 

2% Secant Modulus (CD) psi 61,975.21 

~ 

J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD-5323 

REPLICATE No. 

2 3 4 

53,978.41 54,978.00 55,311.21 

58,976.41 59,976.01 61,642.01 

5 

55,311.21 

62 308.41 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 
DEVIATION 

54,844.73 498.69 

60,975.61 1281.85 

MW9023MD. WK4 



NOTCHED CONSTANT 1ENSILE LOAD 
ASTMD-5397 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 90 Day, 23 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 158.85 

Applied Stress (lb/in) = 47.66 

Sample thickness (mil) = 60.2 

Notch depth (mil) = 12.0 

Minimum required time period = 200 hrs 

Results : No failures 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY:· K. U. 

MW9023NC.WK4 



CLIENT: Montgomery Watson 

l'ROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMI'I£: 90 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
I 2 

Thickness mils 61.00 60.00 

Puncture Resistance Ib I33.27 !33.67 

L_ __ Pm1~ture _ Res!st1mce 11J/in 2184.75 2227.83 

~ 

J&L TESTING COMPANY, INC 

3 

61.20 

132.80 

2169.93 

PUNCTURE RESISTANCE 

ASTM D-4833 

REPLICATE No. 

4 5 6 7 

61.20 60.00 60.00 61.50 

135.37 128.20 130.87 134.85 

2211.93 2136.67 2181.17 2192.68 --· 

JOB No.: 97S2180-0l 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 

CIIECKED BY: K. U. 

AVERAGE STANDARD 

8 9 10 DEVIATION 

61.00 61.00 61.00 60.75 0.56 

133.87 134.20 134.27 132.71 2.39 

,1194.59 2200.00_ 2201.15 2184.38 22.31 
-- ----- --- ---- --- ·-

MW9023PR.WK4 



~ 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 
SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

PARAMETER - UNITS 
I 

Yield Strength (MD) lb/in 166.94 

Elongation at Yield (MD) % 19.23 

Break Strength (MD) lb/in 265.81 

Elongation at Break (MD) % 774.86 

Yield Strength (CD) lb/in 164.92 

Elongation at Yield{CD} % 18.46 

Break Strength (CD) lb/in 270.65 

Elongation at Break (CD) % 842.42 

J&L TBSTING COMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

149.48 150.48 151.49 

20.00 20.00 20.77 

259.68 267.14 264.72 

778.32 776.23 777.23 

150.00 155.44 162.38 

18.46 18.46 18.46 

262.78 275.81 260.69 

835.40 853.94 819.74 

JOB No.: 97S2180-Dl 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD I 

5 DEVIATION 

159.27 155.53 6.6712 

19.23 19.85 0.5756 

263.51 264.17 2.5457 

779.71 777.27 1.6708 

161.49 158.85 5.4074 

19.23 18.62 0.3077 

257.14 265.41 6.8288 

825.17 835.33 12.1885 

MW9023TP.WK4 



-....__ 

-----

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATEIUAL: 60 mil Smooth HOPE 
SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD} mils 60.50 

Tear Resistance (MD) lb 57.20 

Tear Resistance (MD) lb/in 945.45 

Thickness (CD) mils 60.00 

Tear Resistance (CD) lb 57.60 

Tear Resistance (CD) lb/in 960.00 

J&L TESTING COMPANY, INC 

TEAR RESISTANCE 
ASTM D-1004 

REPLICATE No. 

2 3 4 

61.00 60.50 60.50 

55.30 58.30 56.20 

906.56 963.64 928.93 

61.00 61.00 60.50 

55.30 56.50 56.10 

906.56 926.23 927.27 

JOB No.: 97S2l80-01 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CIIECKEDBY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

60.50 60.60 0.2000 

55.70 56.54 1.0855 

920.66 933.05 19.8078 

60.50 60.60 0.3742 

56.40 56.38 0.7414 

932.~3- 930.46 17.1764 
--- ··-·- ~-

MW9023TR.WK4 



TOTAL VOLATILES 
MfM-1 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 23 DEGREE CELSIUS 

REPLICATE No. 

TEST UNITS 1 2 

VOLATILES % 0.00 0.05 

3 

0.04 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

AVG. 

0.03 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW9023VO.WK4 







NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

THICKNESS [mils] 

SPECIMEN 

I No. 1 2 3 

S (Initial) 60.7 60.7 61.5 

S_(Final) 62.0 62.0 61.0 

T (Initial) 60.0 60.5 61.8 I 
T (Final) 62.0 61.5 61.0 I 

I 
U (Initial) 60.0 I 60.0 61.0 I 
U (Final) 61.0 I 60.5 60.0 I· 

J&L TESTING COMPANY, INC 

4 

61.8 
61.5 

61.5 
61.5 

60.5 
60.5 

5 

61.8 
61.0 

61.5 
61.5 

60.5 
60.5 

JOB No.: 97S2180-{)l 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

61.3 
61.5 0.33 

61.1 
61.5 0.72 

60.4 
60.5 0.17 

MW9050TH.WK4 

I 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 

PROJECI': Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE . 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

S (Initial) 100.0 

S (Final) 99.0 

T (Initial) 100.0 
T (Final) 99.0 

U (Initial) 100.0 

U (Final) 99.5 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

100.0 
99.0 

100.0 
99.0 

100.0 
99.0 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-1.00 
-1.00 

-1.00 
-1.00 

-0.50 
-1.00 

MW9050DM.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

SPECIMEN Initial Mass 

No. (oz/sy) 

s 43.2 

T I 43.2 

u I 42.5 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

43.3 

43.2 

42.5 

JOB No.: 9752180-01 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

0.11 

0.21 

0.01 

3 
MW9050UW.WK4 



I 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 36.2 
2 0.9494 25.0 
3* 0.9560 16.6 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH 16.4 16.5 16.4 16.5 

DENSITY 0.9603 I 0.9601 0.9603 0.9601 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-0 1 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

<:_orr. Depth 
33.98 
21.84 
17.18 

5 AVERAGE 

16.4 I 16.4 
0.9603 I 0.9602 

M9050DN.WK4 



EXTRACTABLESCONTENT 
MTM-2 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

% Extractab I es 

3.5894 grams 

3.5826 grams 

0.19 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

Reference : EPA/600/2-881052, Appendix E 

J&L TESTING COMPANY, INC MW9050EX.WK4 

I 



HARDNESS 
ASTMD-2240 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

POINT No. 

REPLICATE 
No. 1 2 3 

1 58.0 59.0 60.0 

2 61.0 62.0 59.0 

3 61.0 62.0 59.0 

4 61.0 61.0 62.0 

5 60.0 59.0 62.0 

J&L TESTING COMPANY, INC 

I 
4 

60.0 
62.0 
62.0 
60.0 
62.0 

- JOB No.: 97S2180-Q1 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

60.0 59.4 
61.0. 61.0 
62.0 61.2 
62.0 61.2 
59.0 60.4 

MW9050HD.WK4 



CLIENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 

EPA 9090 Testing Program 

60 mil Smooth HOPE 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus {MD) psi 55,311.21 

2% Secant Modulus (CD) psi 55,977.61 

~ 
J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD-5323 

REPLICATE No. 

2 3 4 

57,310.41 58,643.21 57,310.41 

55,644.41 58,643.21 58,310.01 

5 

53 978.41 

55,644.41 

JOB No.: 97S2180-0l 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 

CHECKED BY: K. U. 

AVERAGE STANDARD 
DEVIATION 

56,510.73 1653.96 

56,843.93 1342.76 

MW9050MD.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

NOTCHED CONSTANT TENSILE LOAD 

ASTMD-5397 

Montgomery Watson JOB No.: 

Gary Works, Indiana DATE: 

EPA 9090 Testing Program TESTED BY: 

60 mil Smooth HDPE CHECKED BY: 

90 Day, SO DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 158.85 

Applied Stress (lb/in) = 47.66 

Sample thickness (mil) = 60.2 

Notch depth (mil) = 12.0 

Minimum required time period = 200 hrs 

Results : No failures 

97S2180-01 
12-15-97 

D.T./K.T. 
K.U. 

J&L TESTING COMPANY, INC MW9050NC.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, lmliana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMI'LE: 90 DAY, 50 DEGREE CELSIUS 

-~~ 

PARAMETER UNITS 
1 2 

Thickness mils 61.20 61.00 
~. 

Puncture Resistance lb 136.70 135.65 

Puncture Resistance 1b/in 2233.66 2223.77 

~ 

J&L TESTING COMPANY, INC 

3 

63.00 

136.25 

PUNCTURE RESISTANCE 

ASTM D-4833 

REPLICATE No. 

4 5 6 

60.50 61.00 61.20 

7 

63.00 

134.35 136.10 135.85 137.70 

2162.70 2220.66 2231.15 2219.77 2185.71 

JOB No.: 97S2180-0l 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

AVERAGE STANDARD 
8. 9 10 DEVIATION 

61.20 62.50 61.00 61.65 0.80 

131.20 135.80 132.02 134.78 2.34 

2143.79 2172.80 2164.26 2186.25 )0.57 -

MW9050PR.WK4 



CLIENT: Montgomery Watson 

l'ROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMI'LE: 90 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
l 

Yield Strength (MD) lb/in 159.76 

Elongation at Yield (MD) % 20.00 

Break Strength (MD) lb/in 264.11 

Elongation at Break (MD' % 783.54 

Yield Strength (CD) Ib/in 167.06 

Elongation at Yield (CD) % 18.46 

Break Strength (CD) lb/in 266.37 

Elongation at Break (CD) % 837.63 

~ 
J&L "'<lSTING COMPANY, INC 

~ 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

159.Q7 154.o3 161.29 

19.23 21.54 19.23 

265.32 261.09 263.59 

782.93 778.59 786.24 

164.03 162.02 157.50 

19.23 19.23 18.46 

272.66 275.44 270.16 

835.36 856.36 833.62 

JOB No.: 97S2180..()l 
DATE: 12-15-97 

TESTEDBY: D.T./K.T. 

CUECKEDBY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

162.38 159.31 2.8793 

19.23 19.85 0.8971 

262.98 263.42 1.3967 

783.Q7 782.87 2.4549 

161.53 162.43 3.1386 

19.23 18.92 0.3768 

277.70 . 272.47 3.9693 

864.83 845.56 12.6297 

MW9050TP. WK4 



""-----., 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 90 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
l 

Thickness {MD} mils 60.50 

Tear Resistance (MD) lb 60.00 

Tear Resistance {MD) lb/in 991.74 

Thickness (_CDl mils 60.50 

Tear Resistance {CD} lb 55.80 

Tear Resistance (CD) lb/in 922.31 

J&LTESTING COMPANY, INC 

TEAR RESISTANCE 

ASTM D-1004 

REPLICATE No. 

2 3 4 

60.50 61.00 60.50 

57.00 55.80 57.00 

942.15 914.75 942.15 

. 59.50 60.50 60.50 

57.00 54.30 55.60 

957.98 897.52 _9_!2.01. _ 

JOB No.: 97S2180-0l 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVERAGE STANDARD 

s DEVIATION 

60.50 60.60 0.2000 

57.70 57.50 1.3914 

953.72 948.90 24.9608 

60.50 60.30 0.4000 

55.40 55.62 0.8635 

_9_11.70._ 922.51 19.7051 
- ----- ---- ··- -- ---------·-----

MW9050TR. WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

TEST 

VOLATILES 

TOTAL VOLATILES 
MTM-1 

Montgomery Watson 
Gary Works, Indiana 
EPA 9090 Testing Program 

60 mil Smooth HDPE 
90 DAY, 50 DEGREE CELSIUS 

REPLICATE No. 

UNITS 1 2 3 

% 0.06 0.09 0.02 

JOB No.: 97S2180-01 
DATE: 12-15-97 

TESTED BY: D.T./K.T. 

CHECKED BY: K.U. 

AVG. 

0.06 

Reference: EPA/600J2c88/052, Appendix G 

J&L TESTING COMPANY, INC MW9050VO.WK4 







NOMINAL THICKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERJAL: 60 mil Smooth HDPE 
SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

THICKNESS fmilsl 

SPECIMEN 
No. 1 2 3 

J (Initial) 60.0 60.0 60.5 I 
J (Final) 60.8 I 60.8 61.0 I 

I 
K (Initial) I 61.0 I 61.0 61.0 

K (Final) I 61.2 I 61.5 61.7 

I 
L (Initial) I 60.0 I 59.0 60.0 

L (Final) I 59.5 60.0 60.5 I 

J&L TESTING COMPANY, INC 

4 

60.5 
61.0 

60.5 
61.0 

59.5 
59.8 

5 

60.5 
61.0 

60.5 
61.2 

58.7 
59.5 
c 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
CHECKED BY: K. U. 

AVG. Percent 
Change 

60.3 
60.9 1.03 

60.8 
61.3 0.86 

59.4 
59.9 0.71 

MW1223TH.WK4 



DIMENSION CHANGES 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

SPECIMEN Length (MD) Width (CD) 

No. (mm) (mm) 

J (Initial) 100.0 100.0 

J _{Final) 99.5 99.0 

K (Initial) 100.0 100.0 

K (Final) 99.5 99.0 

L (Initial) I 100.0 100.0 

L (Final) 99.5 99.5 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 

CBECKEDBY: K.U. 

Percent 
Change 

-0.50 
-1.00 

-0.50 
-1.00 

I -0.50 
-0.50 

MW1223DM.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

SPECIMEN Initial Mass 

No. (oz/sy) 

J I 42.9 

K 43.1 

L 41.9 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.9 

43.1 

41.9 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

Percent 
Change 

0.00 

-0.00 

-0.02 

3 
MW1223UW.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

PARAMETER 

DEPTH 
I DENSITY 

Montgomery Watson 
Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

60 mil Smooth HDPE 
120 DAY, 23 DEGREE CELSIUS 

Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 36.5 
2 0.9494 24.4 
3* 0.9560 15.0 

c = . 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

1 2 3 4 

15.0 15.2 15.4 15.2 

0.9627 0.9624 0.9621 0.9624 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 01-15-98 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Corr. Deptb 
33.98 
21.84 
17.18 

5 AVERAGE 

15.2 15.2 
0.9624 0.9624 

4 
M1223DN.WK4 



EXTRACTABLESCONTENT 
MTM-2 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

% Extractables 

2.9549 grams 

2.9446 grams 

0.35 

Reference : EPA/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 01-15-98 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

MW1223EX.WK4 



CLIE:NT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 23 DEGREE CELSWS 

POINT No. 

REPLICATE 
I No. 1 2 3 

1 62.0 I 62.0 62.0 

2 61.0 62.0 62.0 

3 63.0 62.0 62.0 

4 62.0 62.0 60.0 

5 61.0 61.0 61.0 

J&L TESTING COMPANY, INC 

4 

59.0 
61.0 
59.0 
61.0 
59.0 

JOB No.: 9752180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 
CHECKED BY: K. U. 

AVG. 
5 

60.0 61.0 
59.0 61.0 
61.0 61.4 
59.0 60.8 
61.0 60.6 

MW1223HD.WK4 



CLIENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 

EPA 9090 Testing Program 
60 mil Smooth HOPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus_(MD) QSi 49,313.61 

2% Secant Modulus (CD) psi 51,312.81 

~ 
J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 

ASTM D-5323 

REPLICATE No. 

2 3 4 

55,977.61 49,313.61 51,312.81 

53,312.01 52,645.61 56,977.61 

5 

51,312.81 

53,978.41 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 

CHECKED BY: K.U. 

. 
AVERAGE STANDARD 

DEVIATION 

51,446.09 2435.78 

53,645.29 1885.01 

MW1223MD.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

NOTCHED CONSTANT TENSILE LOAD 
ASlMD-5397 

Montgomery Watson JOB No.: 

Gary Works, Indiana DATE: 

EPA 9090 Testing Program TESTED BY: 

60 mil Smooth HDPE CHECKED BY: 

120 Day, 23 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 158.59 

Applied Stress (lb/in) = 47.58 

Sample thickness (mil) = 60.7 

Notch depth (mil) = 12.1 

Minimum required time period = ' 200 hrs 

Results : No failures 

97S2180-01 
01-20-98 

D.T./K.T. 
K.U. 

J&L TESTING COMPANY, INC MW1223NC.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMI'LE: 120 DAY, 23 DEGREE CELSIUS 

··~ 

PARAMETER UNITS 
l 2 

Thickness mils 60.50 61.00 

Puncture Resistance lb 129.92 131.00 

Puncture Resistance 1b/in 2147.44 2147.54 

~ 
J&L TESTING COMPANY, INC 

3 

61.00 

130.00 

2131.15 

PUNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

4 5 6 7 

60.00 61.00 61.00 60.00 

130.35 132.80 131.87 130.85 

2172.50 2177.05 2161.80 2180.83 

JOB No.: 97S2180..()! 
DATE: 01-12-98 

TESTED BY: D.T.IK.T. 
CllllCKED BY: K. U. 

AVERAGE STANDARD 

8 9 10 DEVIATION 

61.00 61.00 61.00 60.83 0.37 

133.72 128.25 131.00 131.42 1.73 
I 

2192.13 2102.46 2147.54 2!60.30 29.51 I 

MW1223PR.WK4 



~ 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Yield Strength (MD) lb/in 161.29 

Elongation at Yield (MD) % 20.00 

Break Strength (MD) lb/in 284.15 

Elongation at Break (MD) % 807.35 

Yield Strength (CD) lb/in 168.35 

Elongation at Yield (CD) % 18.46 

Break Strength (CD) lb/in 279.92 

Elongation at Break (CD) % 880.74 

J&L m"STING COMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

159.48 158.75 149.68 

20.00 19.23 18.46 

276.29 284.56 271.85 

792.98 827.43 824.44 

162.70 155.04 152.42 

18.46 18.46 19.23 

280.65 268.83 264.52 

883.51 878.94 861.65 

JOB No.: 97S2180-0 1 
DATE: 01-12-98 

TESTEDBY: D.T.IK.T. 

CHECKED BY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

154.44 156.73 4.1814 

20.00 19.54 0.6154 

280.65 279.50 4.8432 

825.71 815.58 13.4143 

154.44 158.59 6.0006 

18.46 18.62 0.3077 

273.47 273.48 6.2414 

858.98 872.76 10.3034 

MW1223TP.WK4 



"'---....... 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD} mils 60.00 

Tear Resistance (MD) · lb 50.32 

Tear Resistance (MD) lb/in 838.67 

Thickness {CD} mils 61.00 

Tear Resistance _(CD) lb 51.25 

Tear Resistance (CD) lb/in 840.16 

J&L TESTING COMPANY, INC 

' 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

61.00 61.20 62.00 

50.63 53.78 55.16 

830.00 878.76 889.68 

61.00 61.50 61.00 

52.70 52.16 50.87 

863.93 848.13 833.93 

5 

60.00 

52.17 

869.50 

59.50 

48.96 

822.86 

JOB No.: 97S2180-0 l 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
· CUECKED BY: K. U. 

AVERAGE STANDARD 
DEVIATION 

60.84 0.7632 

52.41 1.8457 

861.32 23.1052 

60.80 0.6782 

51.19 1.2884 

841.80 13.8085 

MW1223TR.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

TOTAL.VOLATILES 
MTM-1 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 23 DEGREE CELSIUS 

REPLICATE No. 

TEST UNITS 1 2 3 

VOLATILES % 0.06 0.09 0.04 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T, 
CHECKED BY: K. U. 

AVG. 

0.06 

Reference: EPA/600/2-88/052, Appendix G 

/Cl~end 
J&L TESTING COMPANY, INC MW1223VO.WK4 







I 

NOMINAL TmCKNESS 
ASTMD-5199 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

THICKNESS (mils] 

SPECIMEN 
No. 1 2 3 

V (Initial) 59.5 60.5 60.5 
v (Finan 60.5 60.0 60.0 

W!lnitiaD 61.0 60.0 61.0 

w!Firuill 60.5 61.0 61.5 

x (lnitian 60.0 60.8 I 60.8 

xmnao 61.0 60.5 60.0 

4 

60.0 
60.5 

61.5 
61.0 

60.4 
60.5 

J&L TESTING COMPANY, INC 

5 

60.5 
60.5 

61.0 
61.0 

I 60.5 
61.0 

JOB No.: 9752180-01 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. Percent 
Change 

60.2 
60.3 0.17 

60.9 
61.0 0.16 

60.5 
60.6 0.17 

MW1250TH. WK4 



DIMENSION CHANGES 

I 
I 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

SPECIMEN Length (MD) 

No. (mm) 

v (Initial) 100.0 
V (Final) 99.0 

w (Initial) 100.0 

W (final}_ 99.0 

X (Initial) 100.0 

X (Final) 99.0 

J&L TESTING COMPANY, INC 

Width (CD) 
(mm) 

100.0 
99.0 

100.0 
99.0 

100.0 
99.0 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-1.00 
-1.00 

-1.00 
-1.00 

-1.00 
-1.00 

MW1250DM.WK4 



WEIGHT CHANGE 

CLIENT: Montgomery Watson 
PROJECf: Gary Works, Indiana 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

I SPECIMEN Initial Mass 

No. 1 (oz/sy) 

I v 42.4 
I 
i 

I w I 43.0 

I 
I X I 42.7 

J&L TESTING COMPANY, INC 

Final Mass 
(oz/sy) 

42.4 

43.0 

42.7 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

Percent 
Change 

-0.01 

I 0.00 

I -0.04 

3 

MW1250UW. WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

DENSITY 
ASTMD-1505 

EPA 9090 Testing Program (Baseline) 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

· Standard Floats 

Float No. ensity, g/c Depth 
1* 0.9322 36.5 
2 0.9494 24.4 
3* 0.9560 15.0 

c = 0.9322 
s = -0.0014 

Density = c + s*(specimen depth) 

PARAMETER 1 2 3 4 

DEPTH 15.0 I 15.0 14.9 I 15.1 

DENSITY 0.9627 I 0.9627 I 0.9628 i 0.9625 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 01-15-98 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

1

Corr. Depth 
33.98 
21.84 
17.18 

5 AVERAGE 

15.0 15.0 

I 0.9627 0.9627 

M1250DN.WK4 



EXTRACTABLESCONTENT 
l\ITM-2 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

Initial Wt. 

After Extraction 

%Extractables 

3.0430 grams 

3. 0364 grams 

0.22 

JOB No.: 97S2180-01 
DATE: 01-15-98 

TESTED BY: D. T./K. T. 

CHECKEDBY: K.U. 

Reference : EP A/600/2-88/052, Appendix E 

J&L TESTING COMPANY, INC MW1250EX.WK4 



I 

CLIEl•lT: Montgomery Watson 

PROJECT: Gary Works, Indiana 

HARDNESS 
ASTMD-2240 

EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HDPE 

SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

POINT No. 

REPLICATE 
No. 1 2 3 

1 62.0 60.0 61.0 

2 62.0 61.0 58.0 

3 63.0 62.0 .62.0 

4 60.0 60.0 60.0 

5 60.0 60.0 60.0 

J&L TESTING COMPANY, INC 

4 

62.0 
58.0 
60.0 
62.0 
59.0 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVG. 
5 

61.0 61.2 
59.0 59.6 
60.0 61.4 
63.0 61.0 
58.0 59.4 

MW1250HD.WK4 



CLIENT: 

PROJECT: 

Montgomery Watson 
Gary Works, Indiana 

MATERIAL: 

EPA 9090 Testing Program 

60 mil Smooth HOPE 

SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

2% Secant Modulus (MD) psi 47,314.41 
-

--

2% Secant Modulus (CD) psi 49,980.01 

~ 
J&L TESTING COMPANY, INC 

2 % SECANT MODULUS 
ASTMD-5323 

REPLICATE No. 

2 3 4 

49,980.01 51,979.21 46,640.01 

49,980.01 51,312.81 54,644.81 

5 

45,981.61 

55,977.61 

JOB No.: 97S2180-01 
DATE: 01-12-98 

'fESTEDBY: D.T./K.T. 

CHECKEDBY: K.U. 

AVERAGE STANDARD 
DEVIATION 

48,379.05 2255.20 

52,379.05 2479.15 

MW1250MD.WK4 



NOTCHED CONSTANT TENSILE LOAD 

ASTMD-5397 

CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMPLE: 120 Day, 50 DEGREE CELSIUS 

Average Stress at Yield (lb/in) = 162.5 

Applied Stress (lb/in) = 48.75 

Sample thickness (mil) = 60.6 

Notch depth (mil) = 12.1 

Minimum required time period = 200 hrs 

Results : No failures 

J&L TESTING COMPANY, INC 

JOB No.: 97S2180-01 
DATE: 01-20-98 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

MW1250NC.WK4 



CLIEN'I': Montgomery Watson 
I'ROJEC'f: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 

SAMI'LE: 120 DAY, 23 DEGREE CELSIUS 

--

PARAMETER UNITS 
I 2 

Thick.uess mils 60.50 61.00 

Puncture Resistance "' 129.92 131.00 

Punctt1re Resistance lui iu 2147.44 2147.54 

~ 
J&L TESTING COMPANY, INC 

3 

61.00 

130.00 

2131.15 

PUNCTURE RESISTANCE 
ASTM D-4833 

REPLICATE No. 

4 5 6 7 

60.00 61.00 61.00 60.00 

130.35 132.80 131.87 130.85 

2I72.50 2177.05 2161.80 2180.83 

JOB No.: 97S2180.Ql 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
CHECKED BY: K. U. 

AVERAGE STANDARD 

8 9 10 DEVIATION 

61.00 61.00 61.00 60.83 0.37 

133.72 128.25 131.00 131.42 1.73 

2192.13 2102.46 2147.54 ·2160.30 29.51 --

MW1223PR.WK4 



CLIENT: Montgomery Watson 

PROJECT: Gary Works, Indiana 
EPA 9090 Testing Program 

MATERIAL: 60 mil Smooth HOPE 

SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

-

Yield Strength (MD) lb/in 168.67 

Elongation at Yield (MD) % 19.23 

Break Strength (MD) lb/in 274.52 

Elongation at Break (MD) % 800.73 

Yield Strength (CD) lb/in 163.91 

Elongation at Yield (CD) % 19.23 

Break Strength{CD} lb/in 268.83 

Elongation at Break (CD) % 835.21 

~ 
~ J&L TESTING COMPANY, INC 

TENSILE PROPERTIES 
ASTMD-638 

REPLICATE No. 

2 3 4 

162.38 152.50 152.70 

19.23 20.00 20.00 

282.98 271.01 276.90 

827.53 805.84 824.30 

167.22 159.56 159.60 

20.00 18.46 19.23 

275.00 277.26 267.14 

852.04 881.95 848.70 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 

5 DEVIATION 

160.81 159.41 6.1523 

20.77 19.85 0.5756 

276.33 276.35 3.9040 

816.42 814.96 10.3263 

162.22 162.50 2.8783 

19.23 19.23 0.4865 

301.05 277.85 12.1881 

934.08 870.39 35.3120 

MW1250TP.WK4 



CLIENT: Montgomery Watson 
PROJECT: Gary Works, Indiana 

EPA 9090 Testing Program 
MATERIAL: 60 mil Smooth HDPE 
SAMPLE: 120 DAY, 50 DEGREE CELSIUS 

PARAMETER UNITS 
1 

Thickness (MD) mils 60.00 

Tear Resistance (MD) lb 51.98 

Tear Resistance (MD) lb/in 866.33 

Thickness (CD) mils 61.50 

Tear Resistance (CD) lb 51.78 

Tear Resistance (CD) lb/in 841.95 

~J&LTESTING COMPANY, INC 

TEAR RESISTANCE 
ASTMD-1004 

REPLICATE No. 

2 3 4 

61.00 61.00 60.00 

52.81 53.42 52.86 

865.74 875.74 881.00 

61.20 61.00 61.00 

53.51 52.12 51.47 

874.35 854.43 843.77 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTEDBY: D.T./K.T. 
CHECKEDBY: K.U. 

AVERAGE STANDARD 
5 DEVIATION 

60.00 60.40 0.4899 
I 

52.67 52.75 0.4613 I 
• 

877.83 873.33 6.1887 

61.00 61.14 0.1960 

52.17 52.21 0.6975 

855.25 853.95 11.5370 

MW1250TR.WK4 



CLIENT: 

PROJECT: 

MATERIAL: 

SAMPLE: 

TEST 

VOLATILES 

Montgomery Watson 

TOTAL VOLATILES 
MTM-1 

Gary Works, Indiana 
EPA 9090 Testing Program 
60 mil Smooth HDPE 
120 DAY, 50 DEGREE CELSIUS 

REPLICATE No. 

UNITS 1 2 3 

% 0.06 0.06 0.05 

JOB No.: 97S2180-01 
DATE: 01-12-98 

TESTED BY: D.T./K.T. 
CHECKED BY: K.U. 

AVG. 

0.06 

Reference: EPA/600/2-88/052, Appendix G 

J&L TESTING COMPANY, INC MW1250VO.WK4 
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Geotextile Biological Clogging Laboratory Test Results 
(September 1999) 





JLT J&l TESTING COMPANY, INC. 
GEOTECHNICA.L AND GEOSYNTHETICS Mil TER!i\LS TESTING AND RESEARCH 

Montgomery Watson 
One Science Court 
P.O. Box 5385 
Madison, WI 53705-0385 

Attn: Valeri J. Ranguette, P.E. 

RE: BIOLOGICAL CLOGGING TEST RESULTS 
US STEEL - GARY WORKS 
CAMUDESIGN 
WORK ORDER No. Wll 

Dear Ms. Ranguette: 

September 22, 1999 
9902410-01 

J &L Testing Company, Inc. !JLT) is pleased to submit the results of the biological clogging 
test perfonned on a non-woven needle-punched polypropylene geotextile supplied by Geosynthetics, 
Inc. The geotextile was heat treated (calendered) on one side and had an average thickness of 83 
mils. The leachate used for this test was a synthetic leachate supplied by Core Laboratories. 

The test was performed per ASTM D-1987 titled "Biological Ciogging of Georextiles or 
Soil/Geotexrile Filters·· using Melhnd A- Constant Head Test. 

TEST SETUP 

The cross sectional area of the test chamber was 81.07 cm2 (diameter= 4 inches) and the 
fabric was oriented with the calendered side down gradient of the flow. The geotextile specimen had 
an average thickness of 83 mils and ra.'1ged from 81 to 85 mils. The fabric rested on a No. 4 stainless 
steel screen and the periphery seaied with a closed foam rubber compression 0-ring. The entire 
system was sealed and the air replaced with nitrogen to insure anaerobic conditions. 

TEST PROCEDURE 

Flow through the system used a sealed -.-ariable speed pump that discharged the synthetic 
leachate into the :nlet head control reservoir. The leachate flowed dov,n through the geotextile 
exiting through the base into a variable head outlet overflow port. Both the inlet and outlet units 
were fitted with manometers which measured the head differential across The specimen. 
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During the fust six (6) days oftesting, flow was continuous. At the end of the 6'h day, the 
flow was terminated but the specimen was maintained in a saturated anaerobic state between 
readings. For subsequent readings, through 90 days, the flow was resumed and allowed to stabilize 
over an approximate 30-minute period before data was collected. Flow measurements were taken 
first at 2 inches; then 4 inches; and, finally, at 8 inches head differential. The enclosed data sheet 
presents the data for each reading, the elapsed time in days, the head, the flow, the time and the 
temperature of the test fluid. 

The last three columns of data present the temperature correction factor for 20°C, the 
computed flow rate in gpm/sf and the permittivity based on the noted sample properties. The second 
data summary table presents the test points as plotted on Figure I. 

TEST RESULTS 

The data on Figure I presents the relationship between flow rate and elapsed time over the 
prescribed 90-day period for each of the three (3) test gradients. It is interesting to note that flows 
decreased significantly after 6 days when flow was terminated between readings as recommended 
by ASTM D-1987, Section 19.1.13. 

Upon disassembly of the unit, the up gradient side of the geotextile had a thin coating of a 
dark gray gelacious matter on the fabric surface. This thin veneer, which coated the fibers, clearly 
accounted for the reduction of flow over time. 

All testing was performed in accordance with the above referenced ASTM standard and 
subject to JLT's internal QNQC and data validation procedures. 

We appreciate the opportunity to provide our services and look forward to working with you 
again. Should you have any questions, comments or require additional information, please call. 
Thank you. 

Enclosures 
JB/rdg 
\wp80\l etter\9915 7 

Sincerely, 

J&:~STING COMPANY, INC. 

I 

Boschuk, Jr., P.E., REP 
echnical Consultant 



90 DAY BIOLOGICAL CLOGGING TEST 
FLOW RATE vs ELAPSED TIME 

ASTM D-1967 METHOD A • CONSTANT HEAD 
ANAEROBIC CONDITIONS 
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BIOLOGICAL CLOGGING CONSTANT HEAD TEST RESULTS 
GEOTEXTILE AND SYNTHETIC LEACHATE 
ASTM D-1987 • Method A 

TEST RESULTS OVER 90 DAYS 
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FIGURE 1 DATA POINTS 

ELAP TIME FLOW- gaVmln-sqrt 

DAYS 2" 4" 8" 

1 19.457 30.654 40.750 
3 16.861 29.486 40.249 
6 16.756 26.751 38.313 

-----8 12.089 31.265 
15 ----:ro.s4f 

~1-208 
20.366 --29.690 

__ 20 __!M~7 20.039 29.691 
25 8.757 19.267 28.660 
30 7.811 19.039 28.219 
35 7.115 17.735 26.330 
40 7.111 16.919 23.836 
50 6.218 12.962 20.563 
60 4.218 9.934 15.933 
70 3.517 8.431 13.630 
80 3.200 7.486 12.149 
90 ~-038' 7.123 11.540 
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q 

'¥ = A(t.h) 

Where: 
\If = Penniuivity ( sec·l) 

q = Flow Rate (cm3/sec) 

A = Area of Geote:<tile (cml) 

t.h "" Head across Specimen (em) 

US Steel -Gary Works 
CAMU Design 
Geotextile: Geosynthetlcs Inc. 
Synthetic Leachate: Core Laboratories J 
J LT J & L Testing Company, Inc. 
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